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REAL PARTY IN INTEREST 



The real party in interest in the above-identified application is the Assignee, 
BROTHER KOGYO KABUSHIKI KAISHA, 15-1 Naeshiro-cho, Mizuho-ku, Nagoya-shi, 
Aichi-ken 467-8561, as evidenced by an Assignment recorded at Reel/Frame No. 015306/0626 
for U.S. Application Serial No. 10/802,652. 
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2. RELATED APPEALS AND INTERFERENCES 

No interference is known to the Appellants, the Appellants' legal representative, 
or Assignee which will directly affect, be directly affected by or have a bearing on the Board's 
decision in this Appeal. 
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3. STATUS OF ALL CLAIMS 

The above-identified application was filed on March 1 6, 2004, and claims priority 
from Japanese Patent Application Nos. 2003-072463, 2003-072464, and 2003-072465, all filed 
March 17, 2003. The above application was filed with original claims 1-20. 

On April 10, 2006, the Examiner issued a Restriction Requirement. Applicants 
subsequently elected to proceed with claims 13-20. 

On May 30, 2006, The Examiner issued an Office Action rejecting claims 13-20 
under 35 U.S.C. § 103(a) as being unpatentable over U.S. Patent Application No. 2003/0195275 
to Sanada et al. ("Sanada") in view of U.S. Patent No. 5,1 16,409 to Moffatt ("Mofatt"). The 
Examiner also rejected claims 13-18 under 35 U.S.C. § 103(a) as being unpatentable over U.S. 
Patent No. 6,485,138 to Kubota et al. ("Kubota") in view of Moffatt. In addition, the Examiner 
rejected claims 13-20 under 35 U.S.C. § 103(a) as being unpatentable over U.S. Patent 
Application No. 2003/0218661 to Okada et al. ("Okada") in view of Moffatt. Applicants filed a 
response to this Office Action on September 29, 2006. No claims were amended in this response. 

Applicants then received a Final Office Action mailed on November 27, 2006. In 
this Final Office Action, the Examiner modified the Examiner's prior rejections based on new art 
disclosed by Applicants in an information disclosure statement. In this Office Action, the* 
Examiner rejected claims 13-20 under 35 U.S.C. § 103(a) as being unpatentable over Sanada in 
view of JP 2001-081372 to Ikemoto et al ("Ikemoto"). The Examiner also rejected claims 13-18 
under 35 U.S.C. § 103(a) as being unpatentable over Kubota in view of Ikemoto. In addition, the 
Examiner rejected claims 13-20 under 35 U.S.C. § 103(a) as being unpatentable over Okada in 
view of Ikemoto. 

On March 14, 2007, in response to this Final Office Action, Applicants submitted 
a Response containing no claim amendments. Applicants then received an Advisory Action on 
April 10, 2007. In that Advisory Action, the rejection of claims 13-20 over Sanada in view of 
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Ikemoto and the rejection of claims 13-18 over Kubota in view of Ikemoto were maintained, 
while the rejection of claims 13-20 over Okada in view of Ikemoto was withdrawn. A Notice of 
Appeal was subsequently filed by Applicants on April 26, 2007. 

As a result, claims 1-12 stand withdrawn and claims 13-20 are original. Thus, 
claims 1-20 remain in this application and the rejection of claims 13-20 is hereby appealed. 
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4. STATUS OF AMENDMENTS 
No amendments have been made. 
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5. SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention relates to a water base ink for ink-jet recording to be used 
for an ink-jet recording apparatus. Application (as filed), % [0001]. 

In order to perform the satisfactory recording over a long period of time, for 
example, the following conditions are required for the water base ink for ink-jet recording. 
Application (as filed), % [0003]. That is, characteristic values including, for example, those of the 
viscosity, the surface tension, and the density are appropriate values; any deposit is not formed 
and/or physical values are not changed, for example, by the heat in order to avoid any clog-up at 
the nozzle and the orifice of the ink-jet recording apparatus so that the ink is discharged in a 
stable manner; and the recorded image is excellent, for example, in water resistance and light 
resistance. Id. 

When the recording is performed with an ink-jet printer by using a general water 
base ink for ink-jet recording, any exclusive ink-jet paper is sometimes used in order to obtain a 
satisfactory printing quality without any blurring. Application (as filed), ^ [0004]. However, in 
recent years, it is more demanded that the recording is performed on the regular paper rather than 
on the exclusive ink-jet paper, in consideration of the running cost and the environment. Id. 
Further, in the market directed to homes and offices, it is overwhelmingly demanded that the 
recording is performed with the colors rather than with the black-and-white or monochrome. Id. 
Therefore, the color ink-jet printer is dominantly used. Id. It is demanded that the color recording 
can be performed with a good printing quality on the regular paper. Id 

However, the printing quality on the regular paper is still insufficient. Application 
(as filed), ^ [0005]. Major factors therefor may include various factors. Id. One of such factors is 
the problem called "feathering". Id. In this case, the ink is nonuniformly blurred along the paper 
fibers of the recording paper when the ink is permeated into the recording paper. Id. The edges of 
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image portions are notched, and it is impossible to obtain any sharp edge of the image portion. 
Id. 

In relation to such circumstances, a method, in which the surface tension is 
increased to obtain an ink composition that scarcely causes the blurring or spread into the paper 
fibers of the recording paper, has been hitherto widely known as a general technique for 
improving the printing quality by avoiding the feathering. Application (as filed), % [0006]. 
However, in the case of this method, the wettability of the ink with respect to the paper is 
deteriorated, and ink portions, which are adjacent to one another on the recording paper, are not 
continued to give a discontinuous state, resulting in such a printing quality that the spread of the 
ink is insufficient. Id. In order to avoid such an inconvenience, it is also conceived that an 
extremely large amount of the ink is discharged. Id. However, in this case, new problems arise, 
for example, such that the cost is unsatisfactory and the ink is dried over an excessively long 
period of time. Id. Therefore, an ink is required, which is spread appropriately and uniformly 
with an appropriate amount of droplets. Id. 

On the other hand, a method has been widely used as a general technique for 
enhancing the permeability of the water base ink for ink-jet recording, in which mutually 
adjoining ink droplets are continued to one another on the recording paper to improve the 
printing quality by blending, as a permeating agent, alkyl ether of polyvalent alcohol such as 
diethylene glycol monobutyl ether to an ink, or by blending a surfactant thereto. Application (as 
filed), % [0007]. However, in the case of this method, it is impossible to suppress the 
phenomenon in which the ink is nonuniformly spread along the paper fibers. Id. As a result, the 
edges of image portions are blurred, and the feathering tends to occur. Id. 

As described above, the conventional water base ink for ink-jet recording has 
involved such a problem that it is difficult to satisfy both of the prevention of the feathering and 
the prevention of the insufficient ink spread on the regular paper. Application (as filed), f [0008]. 

Further, another problem arises such that the ink is not discharged upon the start 
of use if the water base ink for ink-jet recording is not introduced smoothly into an ink flow 
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passage of a printer head when a new ink cartridge is installed to an ink-jet printer. Application 
(as filed), % [0009]. Therefore, it is also required for the water base ink for ink-jet recording that 
the initial introduction performance of the ink into the printer head is excellent in addition to the 
requirements for the prevention of the feathering and the prevention of the insufficient spread of 
the ink as described above. Id. 

However, in recent years, the miniaturization is advanced for the printer head for 
the ink-jet printer. Application (as filed), % [0010]. For example, a stacked or laminated type 
printer head is known as a printer head for a piezoelectric ink-jet printer based on the use of 
piezoelectric elements, which is formed by stacking a plurality of sheets formed with parts of ink 
flow passages. Id. In the case of the stacked type printer head, the miniaturization is realized at 
the low cost, and the ink flow passage, which is narrow and which has a complicated structure, 
can be formed therein. Id. However, bubbles or foams tend to remain at certain portions of the 
printer head. Id. It has been impossible to smoothly introduce the water base ink for ink-jet 
recording into the ink flow passages, and it has been especially difficult to satisfy the initial 
introduction performance of the ink. Id 

In view of the above, a method is known as a method for improving the initial ink 
introduction performance of the water base ink for ink-jet recording, in which an appropriate 
amount of a surfactant is added to the water base ink for ink-jet recording to lower the surface 
tension down to an optimum value in order to improve the wettability with respect to the inner 
wall of the ink flow passage of the printer head. Application (as filed), % [001 1], 

However, in the case of the method in which the surfactant is added to the water 
base ink for ink-jet recording to lower the surface tension so that the initial introduction 
performance of the water base ink for ink-jet recording into the ink flow passage is improved, the 
following problem arises. Application (as filed), f [0012]. That is, the wettability with respect to 
the recording paper is increased simultaneously with the decrease in the surface tension of the 
ink, and the edges of image portions are blurred to cause the feathering. Id. In other words, the 
conventional water base ink for ink-jet recording has involved such a problem that it is difficult 
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to satisfy both of the initial introduction performance of the ink into the printer head (especially 
into the stacked type printer head) and the prevention of the feathering. Id. 

As described above, when the recording is performed on the regular paper by 
using the conventional technique, the following problem has arisen. Application (as filed), f 
[001 3]. That is, all of or any one of the troubles arise, for example, such that the feathering is 
caused on the recording paper, the ink is insufficiently spread on the recording paper, and any 
trouble occurs in relation to the initial introduction performance of the ink into the printer head. 
As a result, it has been impossible to obtain any one which has the satisfactory printing quality. 

* 

The present invention has been made in order to solve the problems as described 
above, an object of which is to provide a water base ink for ink-jet recording which is 
satisfactory in the initial introduction performance of the ink into an ink flow passage of a printer 
head mounted on an ink-jet printer, especially of a stacked type printer head, and which does not 
cause the feathering and the insufficient spread of the ink even when the recording is performed 
on the regular paper. Application (as filed), % [0014]. 

Independent Claim 13 is supported by the portions of the specification discussed 
below. According to a third aspect of the present invention, there is provided a water base ink for 
ink-jet recording comprising: 

a dispersible coloring agent; 
a propylene glycol ether; and 

a surfactant represented by the following general formula (3). 

r'-O^C^C^OVSObM (3) 
Application (as filed), f [0023]. Wherein n represents an integer of 2 to 4, R 1 represents an alkyl 
group having a number of carbon atoms of 12 to 15, and M represents Na or triethanolamine. Id. 

The water base ink for ink-jet recording according to the third aspect contains the 
dispersible coloring agent, the propylene glycol ether, and the surfactant represented by the 
general formula (3). Application (as filed), <f [0024], The propylene glycol ether includes, in its 
molecular structure, the frame of (CHCH 3 CH 2 0) which is a lipophilic component. Id. Therefore, 
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even when the amount of addition is small, the permeation into the paper is excellent. Id. Thus, it 
is possible to prevent from the insufficient spread of the ink without affecting the feathering of 
the ink on the recording paper. Id. Further, it is possible to realize the improvement in wettability 
with respect to the ink flow passage of the printer head and the quick release of bubbles or foams 
which are generated in the ink flow passage or which are allowed to flow into the ink flow 
passage to the outside of the ink flow passage without deteriorating the foregoing effect of the 
propylene glycol ether owing to the surface-active function possessed by the surfactant 
represented by the general formula (3) described above. Id. 

According to the present invention, there is also provided an ink cartridge which 
accommodates each of the inks as defined in the first to third aspects. Application (as filed), % 
[0025]. The ink cartridge may have, for example, a chamber for accommodating a single color 
ink or a plurality of chambers for accommodating inks having different colors. Id. The ink 
cartridge may be installed to a head of an ink-jet printer. Id. Alternatively, the ink cartridge may 
be installed to a main body of an ink-jet printer, for example, a case. Id. 

According to a fourth aspect of the present invention, there is provided an ink-jet 
printer comprising: 

an ink-jet head which has an ink flow passage formed of an Ni alloy and 

which discharges an ink; and 
an ink cartridge which accommodates the ink as defined in the third aspect of 
the present invention, the ink being supplied to the ink-jet head. The ink is 
satisfactory in wettability with respect to the ink flow passage formed of 
the Ni alloy. Therefore, the initial introduction performance of the ink is 
excellent. The ink flow passage may be formed in a stack composed of 
sheets formed of an Ni-Fe alloy. 
Application (as filed), <f [0026]. 
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6. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1. Whether claims 13-20 are unpatentable under 35 U.S.C. § 103(a) as being 
obvious over U.S. Patent Application No. 2003/0195275 to Sanada et al. ("Sanada") in view of 
JP 2001-081372 to Ikemoto et al. ("Ikemoto"). 

2. Whether claims 13-18 are unpatentable under 35 U.S.C. § 103(a) as being 
obvious over U.S. Patent No. 6,485,138 to Kubota et al. ("Kubota") in view of Ikemoto. 
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7. ARGUMENT 

L Whether claims 13-20 are unpatentable under 35 U.S.C. § 103(a) as being obvious over 
U.S. Patent Application No. 2003/0195275 to Sanada et al ("Sanada") in view ofJP 2001- 
081372 to Ikemoto et al ("Ikemoto "), 

A. Summary of Relevant Law 

The determination of obviousness rests on whether the claimed invention as a 
whole would have been obvious to a person of ordinary skill in the art at the time the invention 
was made. In determining obviousness, four factors should be weighed: (1) the scope and content 
of the prior art, (2) the differences between the art and the claims at issue, (3) the level of 
ordinary skill in the art, and (4) whatever objective evidence may be present. Obviousness may 
not be established using hindsight or in view of the teachings or suggestions of the inventor. The 
Examiner carries the burden under 35 U.S.C. § 103 to establish a prima facie case of obviousness 
and must show that the references relied on teach or suggest all of the limitations of the claims. 

B. Sanada and Ikemoto Fail to Teach or Suggest All of the Limitations 
of the Claims 

On page 3 of the Final Office Action (1 1/27/06), the Examiner rejects claims 13- 
20 under 35 U.S.C. § 103(a) as being unpatentable over Sanada in view of Ikemoto. These 
rejections are respectfully traversed and believed overcome in view of the following discussion. 

(1) Claim 13 

Independent Claim 13 states: 

"A water base ink for ink -jet recording comprising: 
"a dispersible coloring agent; 
"a proplene-glycol ether; 

- 12- 



Serial No: 10/802,652 
Atty. Docket No.: 501 1 52.20026 

"a surfactant represented by the following general formula (3): 

R 1 -0-(CH 2 CH 2 0) n -S0 3 M (3) 

wherein n represents an integer of 2 to 4, R 1 represents an alkyl 
group having a number of carbon atoms of 12 to 15, and M 
represents Na or triethanolamine." 

The Examiner asserts that Sanada discloses a propylene glycol ether at paragraph 
[0076], However, the only glycol ethers disclosed by Sanada are ethylene glycol monomethyl (or 
ethyl) ether, diethylene glycol monomethyl (or ethyl) ether, and triethylene glycol monomethyl 
(or ethyl) ether. These are all ethylene-glycol ethers. None of them are propylene-glycol ethers. 
Accordingly, the combination of Sanada and Ikemoto fails to teach or suggest all of the 
limitations of Claim 13. 

The Examiner has failed to address this deficiency of the references in the 
Examiner's Advisory Action dated April 10, 2007. As such, Applicants respectfully assert that, 
for this reason alone, the Examiner has failed to establish a prima facie case of obviousness of 
independent Claim 13. 

In addition, the Examiner admits that Sanada fails to disclose a surfactant 
represented by the Formula (3) of the current application. Office Action (1 1/27/06), P. 1. As a 
result, the Examiner cites to Ikemoto for the disclosure of Formula (3). Id, However, the 
teachings of Ikemoto are directed to an ink containing a non-dispersible coloring agent, i.e., a 
pigment, while Claim 1 3 contains a dispersible coloring agent. Non-dispersible coloring agents 
behave very differently from dispersible coloring agents. Surfactants that work well with non- 
dispersible coloring agents do not necessarily work well with dispersible coloring agents. In fact, 
Ikemoto specifically states that the polyoxyethylene alkyl ethereal sulfate derivative disclosed is 
included solely to disperse the pigment. On the other hand, the surfactants disclosed in Sanada 
are not included as dispersants as the ink of Sanada contains a self-dispersing pigment. Sanada, 
P. 2, f [0013]. Moreover, there is no suggestion in either Sanada or Ikemoto that the 
polyoxyethylene alkyl ethereal sulfate derivative disclosed in Ikemoto is substitutable for the 
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surfactants disclosed in Sanada. As a result, one of ordinary skill in the art would find (1) no 
motivation to combine the teachings of Ikemoto with those of Sanada and (2) no reasonable 
expectation of success of combining the teachings of Ikemoto with those of Sanada. 

The Examiner asserts, in the Examiner's Advisory Action, that it is obvious to 
combine Sanada and Ikemoto because Sanada discloses a self-dispersing pigment and Ikemoto 
discloses a pigment and a dispersant compound. However, Examiner's logic on this matter is 
flawed. Ikemoto clearly teaches dispersing a non-dispersible pigment by using a dispersant. 
Sanada, on the other hand, teaches the use of a self-dispersing pigment. Once the pigment is self- 
dispersing, there is no need to use a dispersing agent. Therefore, there is no reason to combine 
the dispersant of Ikemoto with the ink compositions of Sanada. Moreover, even if there were a 
motivation, which Applicants contend there is not, the combination of the references would still 
fail to teach all of the elements of Claim 13. In particular, the Examiner asserts that Ikemoto 
teaches a self-dispersing pigment. Even if this were correct, Ikemoto fails to teach combining a 
self dispersing pigment with a dispersant. Claim 13 clearly states that the ink has "a dispersible 
coloring agent" and "a surfactant represented by the following general formula (3)". Ikemoto 
fails to teach or suggest such a combination. Therefore, the Examiner cannot show a motivation 
to combine "a dispersible coloring agent" with "a surfactant represented by the following general 
formula (3)", or that there is a reasonable expectation of success of the combination of Ikemoto 
with Sanada. 

Since the references cited by the Examiner (a) fail to teach or suggest a proplene- 
glycol ether, (b) fail to teach or suggest a dispersible coloring agent and a surfactant represented 
by the following general formula (3), and (c) there is no motivation to combine the references 
and no reasonable expectation of success of the combination, Applicants respectfully assert that 
Examiner has failed to establish a prima facie case of obviousness of independent Claim 13. 
Therefore, Applicants respectfully request that Examiner remove the rejections of Claim 13 
under 35 U.S.C. § 103(a) as being unpatentable over U.S. Patent Application No. 2003/0195275 
to Sanada et al. in view of JP 2001-081372 to Ikemoto et al. 
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(2) Claim 14 

Claim 14 is dependent from Claim 13. As Claim 13 is allowable, so must be 
Claim 14. In addition, Claim 14 states, in part: 

"wherein the propylene glycol ether is dipropylene glycol propyl 
ether." 

As discussed above, Sanada fails to disclose any propylene glycol ether, let alone 
dipropylene glycol propyl ether. As a result, the combination of Sanada and Ikemoto fails to 
teach or suggest all of the limitations of Claim 14. 

Since the references cited by the Examiner fail to teach or suggest each and every 
element as set forth in Claim 14, Applicants respectfully assert that Examiner has failed to 
establish a prima facie case of obviousness of Claim 14. Therefore, Applicants respectfully 
request that Examiner remove the rejections of Claim 14 under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent Application No. 2003/0195275 to Sanada et al. in view of JP 
2001-081372 to Ikemoto et al. 

(3) Claim 15 

Claim 15 is dependent from Claim 13. As Claim 13 is allowable, so must be 
Claim 15. In addition, Claim 15 states, in part: 

"wherein a content of the propylene glycol ether is 2% by weight 
to 3% by weight." 

As discussed above, Sanada fails to disclose any propylene glycol ether, let alone 
the range of propylene glycol ether of Claim 15. As a result, the combination of Sanada and 
Ikemoto fails to teach or suggest all of the limitations of Claim 15. 

Since the references cited by the Examiner fail to teach or suggest each and every 
element as set forth in Claim 15, Applicants respectfully assert that Examiner has failed to 
establish a prima facie case of obviousness of Claim 15. Therefore, Applicants respectfully 
request that Examiner remove the rejections of Claim 15 under 35 U.S.C. § 103(a) as being 
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unpatentable over U.S. Patent Application No. 2003/0195275 to Sanada et al. in view of JP 
2001-081372 to Ikemoto et al. 

(4) Claim 16 

Claim 16 is dependent from Claim 13. As Claim 13 is allowable, so must be 
Claim 16. In addition, Claim 16 states, in part: 

"wherein the surfactant represented by general formula (3) is 
contained by 0.1 to 3% by weight." 

As Examiner has admitted, Sanada fails to disclose any surfactant of general 
formula (3). Yet the Examiner cites to Sanada as disclosing this claim language of Claim 16. 
This is obviously an impossibility. Since Sanada admittedly fails to disclose general formula (3), 
it cannot disclose the amount of general formula (3) as specified in Claim 16. As a result, the 
combination of Sanada and Ikemoto fails to teach or suggest all of the limitations of Claim 16. 

Since the references cited by the Examiner fail to teach or suggest each and every 
element as set forth in Claim 1 6, Applicants respectfully assert that Examiner has failed to 
establish a prima facie case of obviousness of Claim 16. Therefore, Applicants respectfully 
request that Examiner remove the rejections of Claim 16 under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent Application No. 2003/0195275 to Sanada et al. in view of JP 
2001-081372 to Ikemoto et al. 

(5) Claim 17 

Claim 17 is dependent from Claim 13. As Claim 13 is allowable, so must be 
Claim 17. In addition, Claim 17 states, in part: 

"wherein a content ratio by weight of propylene glycol 
ether/surfactant is 5 to 10." 

As Examiner has admitted, Sanada fails to disclose any surfactant of general 
formula (3). Yet the Examiner cites to Sanada as disclosing this claim language of Claim 17. 
This is obviously an impossibility. Since Sanada admittedly fails to disclose the surfactant 
general formula (3) and fails to disclose any propylene glycol ether, it cannot disclose any ratio 
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between that surfactant and the propylene glycol ether as specified in Claim 17. As a result, the 
combination of Sanada and Ikemoto fails to teach or suggest all of the limitations of Claim 17. 

Since the references cited by the Examiner fail to teach or suggest each and every 
element as set forth in Claim 17, Applicants respectfully assert that Examiner has failed to 
establish a prima facie case of obviousness of Claim 17. Therefore, Applicants respectfully 
request that Examiner remove the rejections of Claim 17 under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent Application No. 2003/0195275 to Sanada et al. in view of JP 
2001-081372 to Ikemoto et al. 

(6) Claims 18-20 

Claims 18-20 are ultimately dependent from Claim 13. As Claim 13 is allowable, 
so must be claims 18-20. Therefore, Applicants respectfully request that Examiner remove the 
rejections of claims 18-20 under 35 U.S.C. § 103(a) as being unpatentable over U.S. Patent 
Application No. 2003/0195275 to Sanada et al. in view of JP 2001-081372 to Ikemoto et al. 

2. Whether claims 13-18 are unpatentable under 35 U.S.C. § 103(a) as being obvious over 
U.S. Patent No. 6,485,138 to Kubota et al CKubota") in view ofJP 2001-081372 to Ikemoto et 
al. ( <( Ikemoto "). 

A. Summary of Relevant Law 

The determination of obviousness rests on whether the claimed invention as a 
whole would have been obvious to a person of ordinary skill in the art at the time the invention 
was made. In determining obviousness, four factors should be weighed: (1) the scope and content 
of the prior art, (2) the differences between the art and the claims at issue, (3) the level of 
ordinary skill in the art, and (4) whatever objective evidence may be present. Obviousness may 
not be established using hindsight or in view of the teachings or suggestions of the inventor. The 
Examiner carries the burden under 35 U.S.C. § 103 to establish a prima facie case of obviousness 
and must show that the references relied on teach or suggest all of the limitations of the claims. 
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B. KUBOTA AND IKEMOTO FAIL TO TEACH OR SUGGEST ALL OF THE LIMITATIONS 

of the Claims 

On page 3 of the current Office Action, the Examiner rejects claims 13-18 under 
35 U.S.C. § 103(a) as being unpatentable over Kubota in view Ikemoto. This rejection is 
respectfully traversed and believed overcome in view of the following discussion. 

(1) Claim 13 

Independent Claim 13 states: 

"A water base ink for ink-jet recording comprising: 
"a dispersible coloring agent; 
"a proplene-glycol ether; 

"a surfactant represented by the following general formula (3): 

R 1 -0-(CH 2 CH 2 0) n -S0 3 M (3) 

wherein n represents an integer of 2 to 4, R 1 represents an alkyl 
group having a number of carbon atoms of 12 to 15, and M 
represents Na or triethanolamine." 

The Examiner asserts that Kubota discloses all of Claim 1 3 except for the 
surfactant of general formula (3). However, this misconstrues the teachings of Kubota. 
Specifically, the Examiner's interpretation of Kubota ignores the fact that it discloses two types 
of colorants: dyes and pigments. 

Claim 1 3 requires a dispersible coloring agent. Pigments alone are not dispersible 
coloring agents. Pigments only become dispersible coloring agents when they are chemically 
modified to be dispersible. Thus, the only teachings of Kubota that might relate to Claim 13 are 
those teachings that relate to self dispersing colorant. The teachings of Kubota that relate to non- 
dispersible pigments are inapplicable to Claim 13. 

The Examiner admits that Kubota fails to disclose a surfactant represented by the 
Formula (3) of the current application. Office Action (1 1/27/06), P. 1 . As a result, the Examiner 
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cites to Ikemoto for the disclosure of Formula (3). Id. However, the teachings of Ikemoto are 
directed to an ink containing a non-dispersible coloring agent, i.e., a pigment, while Claim 13 
contains a dispersible coloring agent. Non-dispersible coloring agents behave very differently 
from dispersible coloring agents. Surfactants that work well with non-dispersible coloring agents 
do not necessarily work well with dispersible coloring agents. Therefore, Ikemoto fails to 
disclose the use of a surfactant represented by Formula (3) with a dispersible coloring agent. 

Examiner argues that both Kubota and Ikemoto teach the use of a pigment and a 
dispersant. Thus, Examiner asserts that it is obvious to combine Kubota and Ikemoto. However, 
Examiner fails to explain how it is obvious to apply the teachings of Ikemoto which relate to the 
use of a non-dispersible pigment and a dispersant, to the teachings of Kubota that relate to the 
use of a dispersible colorant, which does not need a dispersant. 

The fact that Ikemoto teaches only to a non-dispersible pigment and a dispersant 
bears directly on Ikemoto' s applicability to Kubota. Kubota, however, teaches both an ink which 
uses a non-dispersible pigment and a dispersant, and an ink which only uses a dispersible 
colorant. Since Ikemoto's teachings relate only to the use of a non-dispersible pigment and a 
dispersant, Ikemoto's teachings do not relate to the use of a dispersible coloring agent. 
Therefore, as stated earlier, it is not obvious that a compound which is useful as a dispersant for a 
non-dispersible pigment is also useful as a surfactant along with a dispersible colorant. 
Moreover, there is no suggestion in either Kubota or Ikemoto that the polyoxyethylene alkyl 
ethereal sulfate derivative disclosed in Ikemoto is substitutable for the surfactants disclosed in 
Kubota. 

As a result, one of ordinary skill in the art would find (1) no motivation to 
combine the teachings of Ikemoto that that relate to a non-dispersible pigment and a dispersant, 
with those of Kubota that relate to a dispersible colorant, and (2) no reasonable expectation of 
success of combining the teachings of Ikemoto that that relate to a non-dispersible pigment and a 
dispersant, with those of Kubota that relate to a dispersible colorant. 
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Since the references cited by the Examiner fail to teach or suggest the use of a 
surfactant represented by Formula (3) with a dispersible coloring agent as set forth in 
independent Claim 13, and since there is no motivation to combine the references and no 
reasonable expectation of success of the combination, Applicants respectfully assert that 
Examiner has failed to establish a prima facie case of obviousness of independent Claim 13. 
Therefore, Applicants respectfully request that Examiner remove the rejections of Claim 13 
under 35 U.S.C. § 103(a) as being unpatentable over U.S. Patent No. 6,485,138 to Kubota et al. 
in view of JP 2001-081372 to Ikemoto et al. 

(2) Claim 14 

Claim 14 is dependent from Claim 13. As Claim 13 is allowable, so must be 
Claim 14. In addition, Claim 14 states, in part: 

"wherein the propylene glycol ether is dipropylene glycol propyl 
ether." 

Kubota, however, fails to disclose dipropylene glycol propyl ether specifically. 
Moreover, Ikemoto also fails to disclose dipropylene glycol propyl ether. As a result, the 
combination of Kubota and Ikemoto fails to teach or suggest all of the limitations of Claim 14. 

Since the references cited by the Examiner fail to teach or suggest each and every 
element as set forth in Claim 14, Applicants respectfully assert that Examiner has failed to 
establish a prima facie case of obviousness of Claim 14. Therefore, Applicants respectfully 
request that Examiner remove the rejections of Claim 14 under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent No. 6,485,138 to Kubota et al. in view of JP 2001-081372 to 
Ikemoto et al.. 

(3) Claim 15 

Claim 15 is dependent from Claim 13. As Claim 13 is allowable, so must be 
Claim 15. In addition, Claim 15 states, in part: 

"wherein a content of the propylene glycol ether is 2% by weight 
to 3% by weight." 
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The Examiner incorrectly relies on the range for the solvent disclosed in Kubota 
as disclosing the range of propylene glycol ether. Propylene glycol mono-methyl ether and 
dipropylene glycol mono-methyl ether are never disclosed as solvents in Kubota, they are only 
disclosed as surfactants. Since no range for the surfactant of Kubota is given, and propylene 
glycol ether is not disclosed in any of the examples, Kubota completely fails to disclose the 
range of propylene glycol ether as stated in Claim 15. As a result, the combination of Kubota and 
Ikemoto fails to teach or suggest all of the limitations of Claim 15. 

Since the references cited by the Examiner fail to teach or suggest each and every 
element as set forth in Claim 15, Applicants respectfully assert that Examiner has failed to 
establish a prima facie case of obviousness of Claim 15. Therefore, Applicants respectfully 
request that Examiner remove the rejections of Claim 15 under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent No. 6,485,138 to Kubota et al. in view of JP 2001-081372 to 
Ikemoto et al. 

(4) Claim 16 

Claim 16 is dependent from Claim 13. As Claim 13 is allowable, so must be 
Claim 16. In addition, Claim 16 states, in part: 

"wherein the surfactant represented by general formula (3) is 
contained by 0.1 to 3% by weight." 

As Examiner has admitted, Kubota fails to disclose any surfactant of general 
formula (3). Yet the Examiner cites to Kubota as disclosing this claim language of Claim 16. 
This is obviously an impossibility. Since Kubota admittedly fails to disclose general formula (3), 
it cannot disclose the amount of general formula (3) as specified in Claim 16. As a result, the 
combination of Kubota and Ikemoto fails to teach or suggest all of the limitations of Claim 16. 

Since the references cited by the Examiner fail to teach or suggest each and every 
element as set forth in Claim 1 6, Applicants respectfully assert that Examiner has failed to 
establish a prima facie case of obviousness of Claim 16. Therefore, Applicants respectfully 
request that Examiner remove the rejections of Claim 16 under 35 U.S.C. § 103(a) as being 
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unpatentable over U.S. Patent No. 6,485,138 to Kubota et al. in view of JP 2001-081372 to 
Ikemoto et al. 

(5) Claim 17 

Claim 17 is dependent from Claim 13. As Claim 13 is allowable, so must be 
Claim 17. In addition, Claim 17 states, in part: 

"wherein a content ratio by weight of propylene glycol 
ether/surfactant is 5 to 10." 

As Examiner has admitted, Kubota fails to disclose any surfactant of general 
formula (3). Yet the Examiner cites to Kubota as disclosing this claim language of Claim 17. 
This is obviously an impossibility. Moreover, Kubota completely fails to disclose any range of 
the amount of propylene glycol ether. Since Kubota admittedly fails to disclose the surfactant 
general formula (3) and fails to disclose t any range of the amount of propylene glycol ether, it 
cannot disclose any ratio between that surfactant and the propylene glycol ether as specified in 
Claim 17. As a result, the combination of Kubota and Ikemoto fails to teach or suggest all of the 
limitations of Claim 17. 

Since the references cited by the Examiner fail to teach or suggest each and every 
element as set forth in Claim 17, Applicants respectfully assert that Examiner has failed to 
establish a prima facie case of obviousness of Claim 17. Therefore, Applicants respectfully 
request that Examiner remove the rejections of Claim 17 under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent No. 6,485,138 to Kubota et al. in view of JP 2001-081372 to 
Ikemoto et al. 

(6) Claims 18 

Claim 18 is ultimately dependent from Claim 13. As Claim 13 is allowable, so 
must be Claim 18. Therefore, Applicants respectfully request that Examiner remove the 
rejections of Claim 18 under 35 U.S.C. § 103(a) as being unpatentable over U.S. Patent No. 
6,485,138 to Kubota et al. in view of JP 2001-081372 to Ikemoto et al. 
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8. CLAIMS APPENDIX 

Claims 1-12 (withdrawn) 

Claim 13 (original): A water base ink for ink-jet recording comprising: 
a dispersible coloring agent; 
a propylene glycol ether; and 

a surfactant represented by the following general formula (3): 

R 1 -0-(CH 2 CH 2 0)n-S0 3 M (3) 
wherein n represents an integer of 2 to 4, R 1 represents an alkyl group having a number of 
carbon atoms of 12 to 15, and M represents Na or triethanolamine. 

Claim 14 (original): The water base ink for ink-jet recording according to claim 13, wherein 
the propylene glycol ether is dipropylene glycol propyl ether. 

Claim 15 (original): The water base ink for ink-jet recording according to claim 13, wherein a 
content of the propylene glycol ether is 2 % by weight to 3 % by weight. 

Claim 16 (original): The water base ink for ink-jet recording according to claim 13, wherein 
the surfactant represented by the general formula (3) is contained by 0.1 to 3 % by weight. 

Claim 17 (original): The water base ink for ink-jet recording according to claim 13, wherein a 
content ratio by weight of propylene glycol ether/surfactant is 5 to 10. 
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Claim 18 (original): An ink cartridge comprising the water base ink for ink-jet recording as 
defined in claim 13. 

Claim 19 (original): An ink-jet printer comprising: 

an ink-jet head which has an ink flow passage formed of an Ni alloy and which 
discharges an ink; and 

the ink cartridge as defined in claim 1 8 which accommodates the ink to be supplied to the 
ink-jet head. 

Claim 20 (original): The ink-jet printer according to claim 19, wherein the ink flow passage is 
formed in a stack composed of sheets formed of an Ni-Fe alloy. 
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9. EVIDENCE APPENDIX 

A copy of U.S. Patent Application No. 2003/0195275 to Sanada et al. has been 
attached to this Appeal Brief as Exhibit A. A copy of JP 2001-081372 to Dcemoto et al. has been 
attached to this Appeal Brief as Exhibit B. A copy of U.S. Patent No. 6,485,138 to Kubota et al. 
has been attached to this Appeal Brief as Exhibit C. Each of the above references was cited to by 
the Examiner in the Final Office Action mailed on November 27, 2006. 
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10. RELATED PROCEEDINGS APPENDIX 
Not applicable. 
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11. CONCLUSION 

In view of the foregoing, it is submitted that the final rejection of the Examiner 
based on the art of record is improper. Accordingly, it is requested that this Board reverse the 
Rejection Raised by the Examiner. 



Dated: June 22, 2007 




Eugene LeD 
Reg. No. 35,930 

REEDSMITH LLP 

599 Lexington Avenue 
29 th Floor 
New York, NY 10022-7650 
Tel.: 212.521.5400 



Attorney for Applicant 



-27- 



Serial No: 10/802,652 
Atty. Docket No.: 501 1 52.20026 



endix A 



Serial No: 10/802,652 
Atty. Docket No.: 501 1 52.20026 



Appendix B 



INK-JET RECORDING INK COMPOSITION AND METHOD FOR PRODUCING TH! 
SAME 



Publication number: 



JP2001081372 
2001-03-27 

IKEMOTO ETSUO; FUKUI MASAYUKI; MORI SHIRO; 
KUGE ISHIO 

FUJI PIGMENT 



Publication date: 



Inventor: 



Applicant: 



Classification: 



- international: 



B41J2/01; B41M5/00; C09D11/00; B41J2/01; 
B41M5/00; C09D11/00; (IPC1-7): C09D11/00; 
B41J2/01;B41M5/00 



- european: 
Application number: 



JP1 9990262936 19990917 
JP19990262936 19990917 



Priority number(s): 



Report a data error here 



Abstract of JP2001081372 

PROBLEM TO BE SOLVED: To obtain the subject composition where the fine-particle dispersed 
system is excellent in long-term preservation stability, stability in a temperature change cycle ranging 
from a high temperature to freezing, etc., by including pigment, a dispersant composed of a specific 
derivative and an aqueous medium. SOLUTION: The objective composition is obtained by including (A) 
pigment, (B) a dispersant composed of a polyoxyethylene alkyl ethereal sulfate derivative of the 
formula: RO(CH2CH20)nS03M (R is a 10-20C alkyl or alkenyl; M is ammonium, organic amines, 
alkanolamines or an alkali metal; and n is an average polymerization degree of oxyethylene chain and 
is 2 to 50) and (C) an aqueous medium. The ingredient A used is preferably C.I.Pigment Black 7, 
C.I.Pigment Red 122, C.I.Pigment Violet 19, aluminum phthalocyanine, C.I.Pigment Blue 15:3, 
C.I.Pigment Yellow 55, etc. 



Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenetcom/textdoc?DB=EPODOC&IDX=JP2001 081 372&F=8 



2006/08/23 



(19) H#EM$!W (JP) 



< 12 > & ffl ft «= & « (A) 



(ll)ttitiiW&0i#3 

#$§2001 -81372 
(P2001-81372A) 

(43)&WB ¥#134|p3)127B(2001.3.27) 



(51)Inta.' 

C0 9D 11/00 

B4 1 J 2/01 

B 4 1 M 5/00 



F I 

CO 9D 
B4 1M 
B4 1 J 



11/00 
5/00 
3/04 



2C0 56 
E 2H086 
101Y 4J039 



Ml* # S?3ftS«D8c8 OL (t9g) 



(21>fflg## 


»H¥1 1-262936 


(71)fflKA 


591075467 




(22)ffl£B 


¥fS.lW9H 17 0(1999.9. 17) 




ANWJNBlftME2TB23- 


2 


* 




(72)89}# 














2 






(72)56W# 


m m 












2 






(72)«W# 












A«lft)iliS*/h?6rT123- 


2 






(72) 5g«# 










* 


JWUW«H*<M6rrBB- 


2 








* 





(57) [gift] 



[n*«i] «*. mm. tt 

/wSSKx^r/wlgro^iS^^fct), S«f R & C = 10~20 
W7/u*A-Sfctt7^y=/i'ga><b«tfH7;:HI, hi 

7>\>U y -/U7 5 7/u* y &Rri>e>]Slitifc 

*y hfc&RM y*m&®> 0 
Utl] RO(ffl2CH 2 0) n S0 3 M 

5, 2~50<DlEic-C-$)2.„ ) 

#«7?>s. 7^* / ->\>t \ >mfrbmmnz- 

[iS#93] BHia^Sc^JictJ^T, R*s*U"fA'£fc 
IH*3I4] ne^ffMlCtt^T. n#2~20-?fc5 

[M*5 5 ) iujfEgw, c. 1. e rmrh9 7, c. 1. 
rrMW 122, c. 1. t'ft'/wwii 19, md)kiw 

7=*. C. I. t'f't'ATp- 15:3, C. I. f t'i'AT'tf- 15:6, 

CLtTWn- 55, C. I. f J' #Mm- 79, c.i.t'r^ 
M»- 128, Cl.t'fm^- 139, C. 1. 1' 9'M4*>- 15 

fctiiWH syV^y Y^Mmj V**U**. 

0. 01-0. 3 nmOVmftT-hZZkZftfttkt 
5, tt*9l^f>5(0V^-f^^E«£O'rv^v?xs' h 

[H#JS 7 ] -< y ^ -^oi hSftAM' v^rlc:/^ 
-«Jli«:$W;*-t£S»£1$iat U ttGttJB#ft*tt# 

7;U3-;u^t>®iiix^-a, *fcttHSeil±t?fc-5l 
•t^Sti-fa, §§*JSl*>f)6<D^-fHyXIB©(DW 

[IB*9 8] ^t^lt LT=*a-yu?/K £fc 
fi£#0. 2~1.5mmfc>lf— X£&#£ UfcSSC^V KS 

[0 0 0 1 j 



2 

imm±.<n>%\mm *$swtt, •< y* ? kca 

>o [000 2] 

[000 3] C©«t $t£-4>9i?x y hf2&#5£fc{£ffl 
20 [0 0 0 4] JW±OW^J:tJjfi¥, Wfr9<i'f(i»(l'9 

[0 0 0 5] ffiffl$ix5®Jf4t LT, «sJt«#W¥i l 

-1 66 1 4 5, #§?|qzi 1-13 100 1, 4#PS^ 2 
-2 5 5 8 7 5/i^»C, 4$fcRj£3il5£fc4<. 

Bfc**i5feP, *J±W»^B«tt, Z.<02&i+ft\C 

ffitc Litmmm^z t ti^oz b X-bZi^ <<y 

[0 0 0 6] #«U«»ttfls*Rlt:KJ:9*«*ii 

[0 0 0 7] »«»JiLT. 9»Jxfi#IB¥5-2 4 7 3 
9 3^. !RfiB¥8-7 3 7 9 01C-*- hy ^A^fBO* 

teW!E®£ix-CV>5„ 4 - 2 2 7 6 6 9 WfiSJ/f 

so y HB^Kftt, 7/u* y*JWI#'fy*ti:HlP«!»f 



3 

g-Cfc*. *itfa<r>Wk LX&ffl¥-8-2 0 7 3 8. # 

w¥8 - 4 i 3 9 4 «?s>j; 5 ttxmm&tommk t 

fc'f y*»Wfc-ctt, fx/^T-liMSli/jr^^^- 
•7/^S«r«ffl Lfc^, W v ^ efc W ffif «c^«g i-f 

[ooo8]-*, Kmmvfflzftim t txm it. 
4 y*mm i>£m&%ztixis 9 mmmmy 8 - 1 

9 9 1 0 0, <®ffl¥ 10-279869, #M¥ i i - 
1 1 6 8 7 2, #|»¥l 1-1 2 4 5 2 7 ft inc&TkSB 

^tt&^tf y **->7/Mr U- © y yttgjft 
L1£ttX'ltffi&t'<% W V* j*x y hGftffl 

[0009] mt&fte$&J: LT, 5 

mm #/h $ v » i j fesait n < tt s . * 7 $ ? o >^ 

[0 0 10] ■79yfi-<DVWn&*-/y>9 
—hS^ttMUHM v^r$|^|c*>^T70 < Cifi< -^tK^ 
TTSfflSLTL* 9 m&UZbZZk #*>9, ttlcSBjft 
#*<8MSL-*"*-|»**tt0Mi/*i: LTIt, 
tMxt>i«i:£*i5 0 $fc, v*thtti»Tft. /X;u 

[0011] t w5Tifi¥*!-?W)K$;h<fc "Our Stol 
en Future («!RJi& : SfrftL**)" ©£3ilCftg£*l 

£lH©ftffl£^50!iffjls*»9, rJxas»4!d^t ho 

rt#i&(#^*v)flufjfca»<ft-f-5fcfc, »4»«ncie 

#?p-X7y7'£;h,-CV^ 0 

[0012] *ffifgtt»j©»»tis^-C'b{fii^<c<iiia 



(3) 

4 

5 y =/U7 x /-Mcftmztib r7/w*/u7 x y-/uj 

LT&9±»f fetit^S. Cft&tfcfflLT 

y =*y?sixlM©-a-e*)57/u*/u7x y 

-/uxh*i/U-h^S^«t>t«#Ufc»^-, £#ft?© 
iiS-C7/u+/w7 x y w i t>*vtfc 

9, *fc, BJF!B®^^fflLT4ii$nfceix7l'J© ? Ftt 
$><b LXT /i>* >vy * j - ivmw&t£ frbtftfttZo 

£fc, cn&IHiJgttJWSrim^lWJtLTttjatSK 

[0 0 13] W±W*«i9, *7^^/l-7x/-/H 
ettffilSr^ffl Lfc5>»^Og|^lt^(c*j»t 

[0 0 14] WflfK a*tt«H¥8-l 9 9 lOOCfc 

*%m\k Lxmtzz k m®ki-z %<omm 

«:ffofc 0 ±EWJS-Clt, Zi%m<offlRkm\sXft 

mi&¥ffe<Di>z>\zmvi-fz> z t-c3fe#^ft$ttfc<ot? 
nmtzMt, ztib<D®&v>m*£t>itx-%wi<D&)% 

[00 15] 

^«?ftt5(cfefc9, l¥«±l-tefc 

mit Lfc-Y v^-^^roff tffcteK&ix, ftio?)>o, 
30 S^»cffiittfcfe^y^Srffi«LJ;9 t1"5t)WCfe 

[0 0 16] 

[SiSJ®^^i-2)fc*(D^] *35^0|ESiiatJt, M 
». ^tt^Sr^^^ti-e-O^^xs/ h 

[fti] rsjhs^y^yxfi/yx-f^Mi 
^T/u*g-efc9 . s;4 , Ritc=io~2oo7/u^/i'*fcit 

T/usr-fr&frhmtititi-m, h*i<*-n&,±<D&& 

®)t?fc9. M»t7>*=7, W«l7 5^g, 7/l^y- 

«o ^7 5ys, 7/u* y&®^e>stf^fc-ffl, hz^z 
wzx±.<ou£v>x-hz>z k zftifrktzj y^&t&mx 

fe9, mmomRtm®.*?, m®k<Dwm*£t*t 

Htl] RO(CH2CH20) n S03M 

(fcfc'U n a**'yzLf-uym<T>¥$}W£ , &-e>g.Xh 
9, 2~50©jE»-C$>5 o ) 

[0 0 17] *^WICttffl$^5jKy^+->x^U^7 
/u^f/un:— r/ufiitS?x^r/u^jcov>-Clt, ffiilittR 

so <, 1#lci^W/uSfo6l/Mt7 7 9^£-CfeS^7J5, 



5 

\>\ R#20«t *) < ft* t *&m#^<r>®MBttf&T 

$ < ft 5 1 ^k*^S<0, m®^<D<&%t>'>® < ft 5 

#&*o&m$7£{tt>mmkti:Zo ztit>a. 100 

<> L^^lin3J52~20W^-Cfc5. n #50 

fcfcfc o -CK£<c«mof»»**t ft 5 w t jWF We 

ttfticg* t o zg®7 % >m*?7/\<* j -ivy s y 

#7^-7, W«T5>3S, 7/^;-^7 5ylt 

[0 0 18] *«WlctUB*ii5iM»5Wottffl*'&»±, 
IStCtJUJitV^, ffiifSfl OOlSg&KStLTl 0~ 

i o oa*»©t5H-cttfliwc*>s#, ^fv^ttSfc 

4x.£&S£%ittSi:, 1 0~5 0Sftg&©«SH-C<£ 
[0 0 191 **Wfc«yB**iS*tt«t#ttt» 

<c«*tt#«SSa«i Ltttif i/v^y stac* 

V, 1, 3 -y^u-v^y =i-/u/i^#ft7/W3-/u 

-T/K h yifl/y/!) 7*fvUx- t-)\,% 

Mttei: LTW5~50fifi%t?*)5^*5»*L< . 
#K#SU^<0»*, 5~30Sft%W©ffl-efc5„ &7ktt 

««£Ko^T-j&ttft7kjl7jccD u^/wx&fttffticRgj® 
ttftv^s, 7/w* y &J(SH;a-:/|£gB-f -5 h77>£iB 

[0 0 2 0J ffiEgI*tt*mg*|C£V'T % N, N— v 5 ^ 



(4) 

#7*0 hymmmznmmMfi&Gtsbvtfh 

ftv\, 

[0 0 2 ll *^T?^ffl$*v5ffi^ttc.i.fr^7*7 

7? 7, C. 1. I'i't'AW 122, C. I. t'l'M»'<ftll 19, 
T^MJni^. C.I.tTM7> 15:3. CI.t*?'^h7* 
*~ 15:6, CI.t'^MYM- 55, C. I. f f t'Afaa- 79, 
C. I. f r M-f«- 128, C. 1. 1' f MUxo- 139, C. I. f f 

[0 0 2 2] ^HM^E^ffl-f V^rifflAK^ICffiffl^ix?. 

l~2 0fift%*fi*5S'l^« : *L<, 1-1 OS* 
30 ^lc+^ft^fegg«-4xfti>„ 

[002 3] *»WOlE««-f V+te^lCfcltSfttft 
ffiifSfrosp^^gjjo. 01 ~0. 3y mT-fe5 r i ^Sf* L 
l\ ¥^Hfi^S#0. 3 /imJ:>)±#<ft5i:, W*^© 

fc, ttWWt«ft»ft^i:^fi|-efeo-cift»i«#1-'5 

[0024] ^WOfS^ffl'T V*ifflfi!c%l4-|S:3 f- 
AOfttf ft* #4 < , ^KcSrJRS LftV^Ji§Sr^5il 

v Mi* y tr = a>7 /u 3 - ^ @ ft«)i- *»ft i z. t & t> 

SO 5o 



7 

[0025] £Lb, %^m<r>mm.9i\^^x'-&^x^ 

[0 0 2 61 *%tmcm^btlt>, &JP0.2M.5 mm 
-fe/MeiT-f^^Srlgai&tJoJtfclHJlEitiliS-SAU, *y 
ftWt.Z#t>®®X-hZ. tr-XSjJsi.5 mmj;t)^< 
3 MinttT©f*#tt#HjrC*>5. Cil&tr-XS/W? 

[0 02 7] mt&ftmX'&ft f-Xotfgt L 
TM:, #lx»i#7.*. S?/l/3 = 7. ^ay, 
7, 7*3 WMJ* LWDtti?* 

tr-X-cfe5. c4ie>tt*HfKwa!isKv^fc*{> 4 tr-X 

#, ^-X#SttL-^1-<^5. 
[0 0 2 8] $ ?>K, =*n-/l/*/l/ % g#0.2~l.5 

[0 0 2 9] *$8W©«/&££, *JJ:tfKteKo 
^■CSt^Ttfc. jMR«***V»»WBKJ:o-C. ft® 

feKftSftfeil, H#M££5;t. ttfcHflsUfc-f 

fcn. e9U&#0 5*>, (Sttf 

[0 0 3 0] JUT, *»Wlcj3V»-CJttt««rJ|Uf-CttW 

loo3i] ^fenfc'fv+ia^owR^fti ut. 



(5) 

?y*UPA150. B«§S(tt)fli) l-Tfrofc. -fv*ttW 

m^ytA-h!) y*\z.im\sX<< y 

ffcfBU *0My*£6 0tT?l 2 tifflQ. -2 0XXI 
2 3ilttB«r 7 t-f 9 frftmiH 9 /w«ffc£ff ofcft 

[0 0 3 2] 

[gffiftl 1 ] 
mn '■ C. I. f ^ / y \-~fy y91 . 
5 0. 0 g)5 

$hwb : #v isy in) 

20 ?>7!J/H— r/k{fi^7>'*=!7A 
1 5. 0 ^ 

1 5. 0 ^ 

30. 0 SS 

M8#J GSiS&Xn^-feyUGXL ZENECAM) 
2. 0 SB 

2. o a 

150.0 §|5 

736. o n 

*S0. 08 ft mTfeSW v 5 ! y HEiiffl'l' 

fc= tit. mmmtok&tommymL+mciimm 

[00 3 3] 

[tt««l] *«mfc*Ht$$HHHfc#9**5'3=. 
*f-\sy(5) ftDAsaL-f-fr (fe8& iv;uyy i 

0 6. %£(ff)fl) K»*fc8l*H*SUfc« l irlSWKL 
to X, 5HkX$0Mtt¥$tt?S0'o.O9 ^mt?*)^^^ 



9 

9*S*y KfE&flH Z.<»<{ y**4 y>> ■)] 

$>ofc 0 
[0 0 3 4] 

[ J&ttW 2 ] 
©8 :C. I. 5 
3 0.0 86 

#mi •■ #y ^-*->x^uv(i8) 

3f- ;n-f /Mffi&T ^ * - »7 i» 
8. 0 81! 

16 5. 0 86 

7 9 3. 0 86 

KJ®#J (S D D p*^a^-fe/K;XL) 
2. 0 85 

pHiaS#J :7y*=-7 
2. 0 SB 

-kfB/£#£)g£ &#0.5~0.8 mm<0tf-X£ 

felt, »^^^WR*rtTofcat>«H«l[^©JBIttfi 
[0 0 3 5J 

itmm 2 ] mmm i icisrt 3#$fc«$$r*-/u s /mc# 

tt?tt#1.5 *«m£*t< % -©^f 

[0 0 3 6] 
IH»W3] 

IS® :C. I. WvM-ft^M9 
40. 0 86 

7/1^ /H-yvl'Gitlfc -/U7 5 V 

10.0 SB 

1 5. 0 86 
* 

3 0. 0 8? 

®BM (iSfi^T'o^lr/UGXL ZENECA&) 



(6) 

2. 0 86 

200. 0 85 
7 03. 0 85 

io *S0. 15 u m-QhZ4 >9 itx. y YW&m 
[0 0 3 7] 

[Jt«fi«|3] 3W6«3C*«75»»JW*jKya(-*i'x^ 

u-y(i3) ■fef-Ao^-^A- (i^D^xv/uyy 2 2 0, 

y h«Bkffl-f v*«r#fc. y*£-f h y 

[003 8] 

[JBfcffMl 

:C. I. £9/ y h 1 5 : 3 
M 2 5.0 86 

7 *7 y /pai— X/HJKK7 - ■> a 

5. 0 85 

ftBfti : ^y-try y 

2 0 0.0 85 
5 0.0 85 

8 16.0 86 
2. 0 86 

2. 0 86 

±Ert»«rH£LfcflK &#0. 8-1.0 mm<Dtf-X£ 
% #1»£*W®!&¥19&*&#0. 10 ^mfi,5/fy 



11 

[00391 

Ut&m) muKftitsaMg*. 5-2.0 

[0 0 4 0l 

C. I. I?*'* vhUy Kl 2 2 
4 0.0 SB 

8. 0 SB 

: y -t: y v 
15. 0 ge 

3 0.0 SB 
2. 0 SB 

15 0.0 SB 

was: #y tisf^mm 

(KFcfcNeorez R-9649 W#Jfifc# 34%, 7^7(«) 

10.0 bb 
7 4 5.0 88 

#0.12 /imtW-fy^^iyMeiffl^f^^ 
[0 0 4 1 J 

uy^WAoc— x/W (i8jq B n& IV/l/^y 4 20 

ftitt*)©) lc#^feW^liHJ60iJ5t^icUT, # 



(7) 

fc. 

[0 04 2] 
[Hlfi«9j6] 
fttt :C. I. h^acn-1 2 8 

4 0.0 SB 

15.0 SB 
10 0.0 SB 

ftm): i, z-Jf-uyy*) zx-)\, 

5 0.0 SB 

7 8 3.0 SB 

(jfta*r?w-HE-ios fta&a 35%, 

10.0 SB 
2.0 SB 

-hfiU£#$riS£'Lfc&, f£#0.3~0.5 mm©f-X£ 

ft**i>£maWtT«tt***0*#, H##3.9 
% ^**©iWW$rtHPtta*0.22 /im-CfcS^y 

[004 3] 

WHP*Wtt* &a*o. 24 nmxhbjyfrv^y btzm 

[0 04 4] 

[SElKffi 7 ] H16«aj l *» 6 Til v^ttJSm 
* , 5 OtfiftSSf-e l *flft M. LfcH, 

[004 5] 



(8) 

13 14 



[SUB] ¥f&l 2*?2M 2 5 0 (200 0. 2. 2 
5) 

[¥tt«|jE 1 ] 

i®jEM&mm%] mm ' 

MtJE#ft«g«] »mi 

^eS^^X^rop^T-foU, SCfR^C = 10~2 

Mfcl] R0(CH2CH2O)nSO3M 
9, 2~5 0<OiE^-efe5) 

i^mmiE 2 ] 

[m*«5] num*. au'r^w 7, c. 

LtTMW 122, C.I.t'f'A'KtiVyt 19. 7A-^i7? 
»'/7=>, CI.n'M7> 15:3, C. I. f>*M7**-15:6, 
CI. fr^Mxa- 55, CI.t***#Mx»- 79, CA.t'f'fy 
M»- 128, C.I.tT/yM»- 138, Cl.f >*»M»- 15 

1 0>&4«>vvf ftjj» 

IffiaE*r«s9a*l 0 0 16 
[0 0 16] 

MUk^*? WnWNNFZM * ^R^C = io~2 



0<&7/u*/u*fcli7/i'*:=/i/£!j>6illXK,fc-8, 

[<b 1 ] R0(CH2CH20)nS03M 
9, 2~5 0©jE&?ifc5) 

[ffiiEw^*s*] mm® 

IfflEW^JMi*] 0 0 17 
[«TjE*j£] XS 

mmm 

10 0 17) *»Wfcttffl**i5>K!>**i'sf-i/^r 
0~2 0«7/U*/w*fcf±7/l'^=-^» 

U\ R# 2 0 £ "9 < £4 1 4cttKf^olMK# 
teT-fSfcA, #^<D®W::te££fcL<&<, lOi 

0%*iia-e$)5!^gtt/j: < , £fi&##C= 1 0 ~ 2 0 <D7 

n ft 2 ~ 5 0 r t L < , mz&£ U^Wtt 
n^2~2 0W4i^-CJ>5„ n^50J;»)^t<^5 

iKfcSo 2«fc»)*£v^£, g»lic:bfco-c?c 

a«H^f>, n^2~2 0ro^J»^|Cif*tV\ * 

fc. S^MIi7y^=7, ^&B!t&&#7M4&ft|cj§fl? 

Up5W^7^>'S J ^7>'i'*y-/W7 5>'5i, $>5V>« 

It&ilc^y K©fcrfttt©MJHJ:9 % M*57y*= 

7, Wffi7 5^S, 7/V-*/-/U7 5>-S-Cfc.5#&^ 
#*-ff*L<, tSJttf^^7?: V, if /1/7 i y, 

l^ttlf 3E 5 ] 

(*6lE*f^l*] 002 1 



(9) 



[0 0 2 1] #3§W-C<£ffl£*l,S©ftli. C.l.t't'MJ 
'hi 7, Cl.ffMW 122, C.l.f9'M»W7\ 1 
9. 7t>i-fr79Wl/, CI.O'M7> 15:3, C. I. t'9'W 
\To- 15:6, C. I. f t't/H™- 55, C. I. t'J'M-f"- 7 
9, CI.O'iW-fM- 128, CI.t'^M-fxp- 138, C.I.t 
'9'M<*>- i50<D^TiX!l^^iS»i^fc-a, £ tztt- 



7 ay h^-v'tO^ 



F?-M##) 2C056 EA13 FC02 

2H086 BA53 BA55 BA59 BA60 
4J039 AD06 AE04 AE06 AE07 BA29 
BC07 BC09 BC12 BC13 BC33 
BC54 BC60 BE01 BE12 BE22 
CA06 DA02 DA05 DA08 EA15 
EA16 EA17 EA19 EA21 EA34 
EA38 EA41 EA42 EA44 EA45 
EA46 GA24 



Serial No: 10/802,652 
Atty. Docket No.: 501 152.20026 



Appendix C 




d2) United Stoles Patemt 

Kubota et al. 



IllllllIIllHlillllllllll 

US006485138B1 

(io) Patent No.: US 6,485,138 Bl 
(45) Date of Patent: Nov. 26, 2002 



(54) INK JET RECORDING INK AND 
RECORDING METHOD 

(75) Inventors: Kazuhide Kubota; Kazuaki 

Watanabe; Kiyohiko lakemoto; 
ToshiyukJ Miyabayashl, all of Suwa 
(JP) 

(73) Assignee: Seiko Epson Corporation, Tokyo (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 

patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 09/281,417 

(22) Filed: Man 30, 1999 

Related U.S. Application Data 

(62) Division of application No. 08/803,399, filed on Feb. 20, 
1997. 

(30) Foreign Application Priority Data 

Feb. 22, 1996 (JP) 8-35249 

(51) Int. CI. 7 B4U 2/17 

(52) U.S. CI 347/96; 347/100 

(58) Field of Search 347/96, 100; 428/195; 

106/31.58 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,554,555 A 11/1985 Aruga et al 346/1.1 

4,666,519 A * 5/1987 Akiyama et al 106/31.58 

4,740,420 A 4/1988 Akutsu et al 428/341 

4,910,084 A 3/1990 Yamasaki et al 428/411.1 

5,178,944 A 1/1993 Horiuchi et al 428/341 

5,476,540 A 12/1995 Shields et al 106/20 

5,496,634 A 3/1996 Ogawa et al 428/341 

5,792,249 A * 8/1998 Shirota et al 347/100 

5,948,512 A * 9/1999 Kubota et al 428/195 

6,084,619 A * 7/2000 Takemoto et al 347/96 



FOREIGN PATENT DOCUMENTS 



EP 


0355062 


2/1990 


EP 


0466345 


1/1992 


EP 


0497522 


8/1992 


EP 

1 J A. 


0534634 


3/1993 


JP 


52154409 


12/1977 


JP 


5731591 


2/1982 


JP 


57107880 


7/1982 


JP 


6322306 • 


11/1982 


JP 


58193185 


11/1983 


JP 


59199780 


11/1984 


JP 


61061887 


3/1986 


JP 


01040371 


2/1989 


JP 


03240557 


10/1991 


JP 


03240558 


10/1991 


JP 


4259590 


9/1992 


JP 


5117562 


5/1993 


JP 


5202328 


8/1993 


JP 


06049402 A 


♦ 2/1994 


JP 


06106735 


4/1994 


JP 


8319442 


12/1996 



106/31.58 



OTHER PUBLICATIONS 

Patent Abstract of Japan JP 01-040371 Of Feb. 10, 1989. 
Patent Abstract of Japan JP 57-107880 Of Jul. 5, 1982. 

(List continued on next page.) 

Primary Examiner — John Barlow 

Assistant Examiner — Manish S. Shah 

(74) Attorney, Agent, or Firm — Lad as & Parry 

(57) ABSTRACT 

An ink jet recording method comprising the step of printing 
two solutions of a first solution and an ink composition is 
provided which, even in the case of printing on a recycled 
paper, can realize a good printed image, especially an image 
having no significant feathering and free from unevenness of 
printing and an image free from color bleeding. A first 
solution containing a polyvalent metal salt and/or a polyal- 
lylamine is used in combination with an ink composition 
containing an inorganic oxide colloid, and optionally an 
epoxy-containing compound. Specifically, the first solution 
is deposited onto a recording medium, and the ink compo- 
sition is then deposited by ink jet printing to perform 
printing. 

9 Claims, 3 Drawing Sheets 




US 6,485,138 Bl 

Page 2 



OTHER PUBLICATIONS 

Patent Abstract of Japaa JP 58-193185 Of Nov. 10, 1983. 
Patent Abstract of Japan JP 61-061887 Of Mar. 29, 1986. 
Patent Abstracts of Japan JP 57-31591 Of Feb. 20, 1982. 
Patent Abstracts of Japan of JP 6-322306 Of Nov. 22, 1994. 
Patent Abstracts of Japan Of JP 8-319442 Of Dec. 3, 1996. 
Patent Abstracts of Japan Of JP 4-259590 Of Sep. 16, 1992. 
Patent Abstracts of Japan Of JP 59-199780 Of Nov. 12, 
1984. 



Derwent Abstracts Of Japan Of JP 52-154409 Of Dec. 22, 
1977. 

Derwent Abstracts Of Japan Of JP 51-17562 Of May 14, 
1993. 

Japan Patent Office Abstract Of JP 06106735. 
Japan Patent Office Abstract Of JP 03240557. 
Japan Patent Office Abstract of JP 03240558. 
Derwent Abstract Of JP 5202328. 

* cited by examiner 



U.S. Patent 



Nov. 26, 2002 



Sheet 1 of 3 



US 6,485,138 Bl 




U.S. Patent Nov. 26, 2002 Sheet 2 of 3 



US 6,485,138 Bl 



lb 



Ic 



21 




22 23 24 25 



F I G. 2 




B 



42 43 44 45 



F I G. 4 



U.S. Patent Nov. 26, 2002 Sheet 3 of 3 US 6,485,138 Bl 



US 6,485,138 Bl 



INK JET RECORDING INK AND 
RECORDING METHOD 

This is a division of application Ser. No. 08/803,339 filed 
Feb. 20, 1997. 5 

FIELD OF THE INVENTION 

The present invention relates to an ink jet recording 
method. More particularly, the present invention relates to 
an ink jet recording method wherein both a reaction solution 
and an ink composition are deposited onto a recording 
medium. 



BACKGROUND ART 
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An ink jet recording method is a printing method wherein 
droplets of an ink composition are ejected and deposited 
onto a recording medium such as paper. This method has a 
feature that an image having a high resolution and a high 
quality can be realized at a high speed with a relatively 20 
inexpensive apparatus. In general, the ink composition used 
in the ink jet recording method comprises water as a main 
component and, added thereto, a colorant and a wetting 
agent such as glycerin added for prevention of clogging and 
other purposes. 25 

On the other hand, a new ink jet recording method has 
been recently proposed. The new method comprises apply- 
ing a polyvalent metal salt solution onto a recording medium 
and then applying an ink composition containing a dye 
having at least one carboxyl group (e.g., Japanese Patent 30 
Laid-Open No. 202328/1993). According to this method, 
polyvalent metal ions combine with the dye to form an 
insoluble composite which can provide an image having 
water resistance and a high quality free from color bleeding. 

Further, an ink jet recording method has been proposed 35 
wherein a color ink containing at least a surfactant or a 
penetrable solvent and a salt for imparting a penetrating 
property is used in combination with a black ink which 
cooperates with the salt to cause thickening or coagulation, 
thereby providing a high-quality color image having a high 40 
image density and free from color bleeding (Japanese Patent 
Laid-Open No. 106735/1994). More specifically, in this 
method, two liquids, i.e., a first liquid containing a salt and 
a second liquid of an ink composition, are printed to provide 
a good image. 

Furthermore, other ink jet recording methods wherein two 
liquids are printed have been proposed, for example, in 
Japanese Patent Laid-Open No. 240557/1991 and No. 
240558/1991. 

In the above ink jet recording method wherein two liquids 
are printed, a need still exits for the following properties. 

At the outset, an improvement in fixability of the colorant 
is required. In recent years, recycled papers have become 
used instead of wood free papers. For the recycled papers, 55 
the penetration of an ink is in general better than that for the 
wood free papers. For this reason, a <high -quality image is 
formed on the wood free papers, whereas feathering or color 
bleeding is often created in the image formed on the recycled 
papers. Therefore, for recycled paper, the elimination of the 
feathering or color bleeding has been desired in the art. 

Secondly, a reduction in uneven printing is required. The 
uneven printing refers to a variation in color density in the 
print derived from localization of a colorant on the paper. 
Although the uneven printing poses no significant problem 65 
in printing of letters of regular size, it is a serious problem 
in applications where figures, graphs and the like are printed. 



45 



50 



Thirdly, broadening the range of usable colorants is 
required. Most of ink jet recording methods where two 
liquids are printed utilize a salting-out phenomenon between 
a metal ion and a carboxyl ion contained in the colorant so 
that the colorant should have a carboxyl group. Some dyes, 
however, contain a water-soluble group other than the car- 
boxyl group. For example, some dyes may dissolve with a 
sulfonic group. A recording method which permits the use of 
dyes having a group other than a carboxyl group has been 
desired in the art. 

SUMMARY OF THE INVENTION 

The present inventors have now found that, in the ink jet 
recording method wherein two liquids are printed, the use of 
an ink composition with an oxide colloid added thereto can 
provide a good print. The present invention has been made 
based on such finding. 

Accordingly, a general object of the present invention is 
to provide an ink jet recording method involving printing of 
two liquids which can realize a good image. 

A more specific object of the present invention is to 
provide an ink jet recording method involving printing of 
two liquids which can realize a good image even on recycled 
paper. 

Another object of the present invention is to provide an 
ink jet recording method involving printing of two liquids 
which can realize an image free from uneven printing. 

A further object of the present invention is to provide an 
ink jet recording method involving printing of two liquids 
which enables a wide range of colorants to be usable. 

The above object can be attained, according to the present 
invention, by an ink jet recording method comprising the 
step of depositing a reaction solution and an ink composition 
onto a recording medium to perform printing, wherein the 
reaction solution contains a polyvalent metal salt and/or 
polyallylamine and the ink composition comprises at least a 
colorant, an inorganic oxide colloid, and an aqueous solvent, 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an embodiment of the ink jet recording 
apparatus according to the present invention, wherein a 
recording head is provided separately from an ink tank to 
feed an ink composition and a reaction solution into a 
recording head through an ink tube; 

FIG. 2 is an enlarged view showing the surface of nozzles 
for a recording head, wherein reference character lb desig- 
nates the surface of a nozzle for a reaction solution and lc 
the surface of a nozzle for an ink composition; 

FIG. 3 is a diagram illustrating ink jet recording using the 
recording head shown in FIG. 2, wherein numeral 31 
designates a region where a reaction solution has been 
deposited and numeral 32 a printed region where an ink 
composition has been printed on the deposited reaction 
solution; 

FIG. 4 shows another embodiment of the recording head 
according to the present invention, wherein all ejection 
nozzles are arranged in lateral direction; 

FIG. 5 shows an embodiment of the ink jet recording 
apparatus according to the present invention, wherein a 
recording head is integral with an ink tank; and 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Ink jet recording method 

The ink jet recording method according to the present 
invention comprises the step of printing a reaction solution 
and an ink composition on a recording medium. 

The reaction solution and the ink composition may be 
applied on a recording medium in any sequence. 
Specifically, any of the following methods may be suitably 
used: a method wherein a reaction solution is deposited onto 
a recording medium followed by deposition of an ink 
composition onto the recording medium with the reaction 
solution deposited thereon, a method wherein an ink com- 
position is printed followed by deposition of the reaction 
solution, and a method wherein a reaction solution and an 
ink composition are mixed together immediately before or 
immediately after ejection thereof. 

According to the ink jet recording method of the present 
invention, good printing can be realized by bringing a 
reaction solution into contact with an ink composition. 
Although the present invention is not intended to be bound 
by the following hypothesis, the reason why good printing 
can be achieved by the present invention is believed as 
follows. Upon contact of the reaction solution with the ink 
composition, the polyvalent metal ion or the polyallylamine 
contained in the reaction solution breaks the state of disper- 
sion of a colorant, an inorganic oxide colloid, and other 
ingredients, resulting in agglomeration of these ingredients. 
In particular, the polyvalent metal ion or the polyallylamine 
contained in the reaction solution is reacted with the inor- 
ganic oxide colloid contained in the ink composition to form 
agglomerates which inhibit the penetration of the colorant 
into the recording medium. Colloidal particles left on the 
recording medium are deposited onto the recording medium, 
and the particles are bound to one another to form a film, 
accelerating the fixation of the colorant onto the recording 
medium. Thus, an image having high color density and free 
from feathering and uneven printing could be realized. 
Further, in a color image, uneven color mixing in boundaries 
of different colors, that is, color bleeding, can also be 
advantageously prevented. The above mechanism is 
hypothetical, and the present invention should not be con- 
strued to be limited by this mechanism. 

As described above, in the present invention, the inor- 
ganic oxide colloid is reacted with the polyvalent metal ion 
or the polyallylamine contained in the reaction solution to 
efficiently form agglomerates. Thus, a good printed image 
can be realized even when the colorant, together with the 
polyvalent metal ion or the polyallylamine, is less likely to 
form an agglomerate. This means that the method according 
to the present invention does not limit the kind of the 
colorant used and permits a wide variety of colorants to be 
used, which is a great advantage of the present invention. 

The deposition of the reaction solution onto the recording 
medium may be carried out by any of an embodiment where 
the reaction solution is selectively deposited on only an area 
where the ink composition is to be deposited and an embodi- 
ment where the reaction solution is deposited on the whole 
surface of paper. The former embodiment can minimize the 
consumption of the reaction solution and, hence, is cost- 
effective. In this embodiment, however, an accuracy is 
required to some extent with respect to the position where 
both the reaction solution and the ink composition are 
deposited. On the other hand, for the latter embodiment, the 
requirement for the accuracy of the position where the 
reaction solution and the ink composition are deposited is 
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relaxed as compared with the former embodiment. In this 
embodiment, however, since the reaction solution is depos- 
ited in a large amount on the whole surface of paper, the 
paper is likely to cause curling during drying. For the above 

5 reason, the selection of the embodiment may be determined 
by taking a combination of the ink composition with the 
reaction solution into consideration. In the case of the former 
embodiment, the deposition of the reaction solution can be 
performed by ink jet recording. 

io As described below, the reaction solution may contain a 
colorant so as to function also as an ink composition. 

Ink composition 

The ink composition used in the present invention com- 
prises at least a colorant, an inorganic oxide colloid, and an 
15 aqueous solvent. 

Inorganic oxide colloid 

The inorganic oxide colloid which is also called "inor- 
ganic oxide sol" used in the present invention refers to a 

20 colloidal solution comprising: a dispersion medium com- 
posed of water or water and an organic solvent having good 
compatibility with water; and a dispersoid composed of 
ultrafine particles of an inorganic oxide. Inorganic oxides 
usable herein include, but are not limited to, high-molecular 

25 weight silicic anhydride (Si0 2 ) and alumina (A1 2 0 3 ). The 
particle diameter of the ultrafine particles of the inorganic 
oxide is generally about 1 to 100 nm, preferably 1 to 20 nm, 
more preferably 1 to 10 nm. The dispersion medium for the 
inorganic oxide colloid is generally water or a mixed solvent 

30 composed of water and an organic solvent having good 
compatibility with water, for example, methanol, ethanol, 
isopropyl alcohol, or n-propanol. The inorganic oxide col- 
loid is prepared by dispersing ultrafine particles of the 
inorganic oxide into water or the above organic solvent. A 

35 dispersion of the ultrafine particles in water is called an 
"aqueous sol," and a dispersing of the ultrafine particles in 
an organic solvent is called an "organosol." 

As described above, the inorganic oxide colloid used in 
the present invention should interact with the polyvalent 

40 metal salt and/or polyallylamine to form agglomerates. 

The inorganic oxide colloid may be a commercially 
available one, and specific examples thereof include: Snow- 
tex S, Snowtex N, Snowtex C, Snowtex SS, Snowtex XS, 
Snowtex 20, Snowtex 30, and Snowtex 40, manufactured by 

45 Nissan Chemical Industry Ltd., Cataloid SI-350, Cataloid 
SI-500, Cataloid SI-30, Cataloid S-20L, Cataloid S-20H, 
Cataloid S-30L, Cataloid S-30H, and Cataloid SI-40, manu- 
factured by E. I. du Pont de Nemours & Co.), which are 
dispersions of ultraviolet particles of high-molecular weight 

50 silicic anhydride in water; Aluminasol 100, Aluminasol 200, 
and Aluminasol 520, manufactured by Nissan Chemical 
Industry Ltd., which are dispersions of ultrafine particles of 
alumina in water; and OSCAL-1432 (isopropyl alcohol sol, 
manufactured by Catalysts and Chemicals Industries Co., 

55 Ltd.) which is a dispersion of ultrafine particles of high- 
molecular weight silicic anhydride in an organic solvent. 
Most of the commercially available colloidal solutions of 
inorganic oxides have pH adjusted to the acidic or alkaline. 
This is because the pH region where the inorganic oxide 

60 colloid exists stably is on the acidic or alkaline side. 
Therefore, when the addition of a commercially available 
inorganic oxide colloidal solution to the ink is contemplated, 
it should be made by taking into consideration the pH 
region, where the inorganic oxide colloid exists stably, and 

65 the pH value of the ink. 

The amount of the inorganic oxide colloid added may be 
suitably determined by taking into consideration the type 
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and agglomerate. In general, however, it is preferably about 
0.1 to 15% by weight, more preferably about 0.5 to 5.0% by 
weight, based on the ink composition. A plurality of inor- 
ganic oxide colloids may be added. 

Colorant 5 

The colorant contained in the ink composition according 
to the present invention may be any of a dye and a pigment. 
In the present invention, the following wide variety of 
colorants may be utilized. 

Dyes usable herein include various dyes commonly used 
in ink jet recording, such as direct dyes, acid dyes, foodstuff 
dyes, basic dyes, reactive dyes, disperse dyes, vat dyes, 
soluble vat dyes, and reactive disperse dyes. 

Regarding the pigment, inorganic and organic pigments 
are usable without any particular limitation. Examples of the 
inorganic pigment include, in addition to titanium oxide and 
iron oxide, carbon blacks produced by known processes, 
such as contact, furnace, and thermal processes. Examples of 
the organic pigment include azo pigments (including azo 
lake, insoluble azo pigment, condensed azo pigment, and 
chelate azo pigment), polycyclic pigments (for example, 
phthalocyanine, perylene, perinone, anthraquinone, 
quinacridone, dioxazine, thioindigo, isoindolinone, and 
quinophthalone pigments), dye chelates (for example, basic ^ 
dye chelates and acid dye chelates), nitro pigments, nitroso 
pigments, and aniline black. 

According to a preferred embodiment of the present 
invention, the above pigment is preferably added in the form 
of a pigment dispersion prepared by dispersing the pigment 3Q 
in an aqueous medium with the aid of a dispersant or a 
surfactant. Preferred dispersants include those commonly 
used in the preparation of a dispersion of a pigment, for 
example, polymeric dispersant. In this connection, that the 
dispersant and the surfactant contained in the dispersion of 35 
the pigment function also as the dispersant and the surfactant 
for the ink composition will be apparent to a person having 
ordinary skill in the art. 

The amount of the pigment added to the ink is preferably 
about 0.5 to 25% by weight, more preferably about 2 to 15% 40 
by weight. 

Aqueous Solvent 

The aqueous solvent as a main solvent of the ink com- 
position of the present invention comprises basically an 
water-soluble organic solvent and water. The water-soluble 45 
organic solvent is preferably a low-boiling organic solvent, 
and preferred examples thereof include methanol, ethanol, 
n-propyl alcohol, iso-propyl alcohol, n-butanol, sec-butanol, 
tert-butanol, iso-butanol, and n-pentanol. Monohydric alco- 
hols are particularly preferred. The low-boiling organic 50 
solvent has the effect of shortening the time taken for drying 
the ink. 

Further, according to a preferred embodiment of the 
present invention, the aqueous solvent further comprises a 
wetting agent comprising a high-boiling organic solvent. 55 
Preferred examples of high-boiling organic solvents usable 
herein include polyhydric alcohols such as ethylene glycol, 
diethylene glycol, triethylene glycol, polyethylene glycol, 
polypropylene glycol, propylene glycol, butylene glycol, 
1,2,6-hexanetriol, thioglycol, hexylene glycol, glycerin, 60 
trimethylole thane, and trimethylolpropane; alkyl ethers of 
polyhydric alcohols, such as ethylene glycol monomethyl 
ether, ethylene glycol monobutyl ether, diethylene glycol 
monomethyl ether, diethylene glycol monoethyl ether, dieth- 
ylene glycol monobutyl ether, triethylene glycol monom- 65 
ethyl ether, triethylene glycol monoethyl ether, and trieth- 
ylene glycol monobutyl ether; urea; 2-pyrrolidone; 



N-methyl-2-pyrrolidone; 1,3 -dimethyl- 2-iraidazolidinone; 
and triethanolamine. 

The amount of the wetting agent added is preferably in the 
range of from 0.5 to 40% by weight, more preferably in the 
range of from 2 to 20% by weight, based on the ink. The 
amount of the low-boiling organic solvent added is prefer- 
ably 0.5 to 10% by weight, more preferably in the range of 
from 1.5 to 6% by weight, based on the ink. 

The ink composition used in the present invention may 
contain a surfactant. Preferred examples thereof include 
surfactants such as anionic surfactants, nonionic surfactants, 
and amphoteric surfactants, alcohol such as methanol, and 
iso-propyl alcohol, and polyalcohol lower alkyl ether such 
as ethylene glycol mono-methyl ether, diethylene glycol 
mono-methyl ether, diethylene glycol mono-butyl ether, 
triethylene glycol mono-butyl ether, propylene glycol mono- 
methyl ether, and dipropylene glycol mono-methyl ether. 

Further, if necessary, pH adjusters, preservatives, anti- 
molds and the like may be added. Examples of pH adjusters 
include KOH, NaOH, triethanolamine. 

Saccharide 

The ink composition used in the present invention may 
further comprise a saccharide. The addition of the saccharide 
can further improve the color density, minimizing feathering 
and uneven printing. Further, in the case of a color image, 
color bleeding can be prevented on a high level. Specific 
examples of saccharides usable herein include 
monosaccharides, disaccharides, oligosaccharides 
(including trisaccharides and tetrasaccharides), and other 
polysaccharides, preferably glucose, mannose, fructose, 
ribose, xylose, arabinose, galactose, aldonic acid, glucitol, 
sorbitol, maltose, cellobiose, lactose, sucrose, trehalose, and 
maltotriose. The term "polysaccharide" used herein means 
saccharides in the broad sense as including substances which 
exist widely in the world of nature, such as alginic acid, 
a-cyclodextrin, and cellulose. Derivatives of these saccha- 
rides usable herein include reducing sugars of the above 
saccharides (for example, sugar alcohols represented by the 
general formula HOCH 2 (CHOH)„CH 2 OH, wherein n is an 
integer of 2 to 5), oxidizing sugars (for example, aldonic 
acid or uronic acid), amino acids, and thiosugars. Among 
them, sugar alcohols are particularly preferred, and specific 
examples thereof include maltitol and sorbitol. 

The content of the saccharide is suitably 0.1 to 40% by 
weight, preferably 0.5 to 30% by weight, based on the ink 
composition. 

Epoxy -containing compound and epoxy curing agent 

According to a preferred embodiment of the present 
invention, the ink composition according to the present 
invention contains an epoxy-containing compound. The 
term "epoxy-containing compound" used herein means a 
compound which has at least two epoxy groups in its 
molecular structure and causes a crosslinking reaction, in 
which an epoxy group is involved, resulting in resinification 
(i.e., increased molecular weight). The addition of the 
epoxy-containing compound permits good scratch resistance 
and water resistance to be imparted to the printed image. 

Epoxy-containing compounds usable in the present inven- 
tion include compounds containing an epoxy group and, in 
addition, a functional group reactive with an epoxy group 
and compounds containing an epoxy group but not contain- 
ing a functional group reactive with an epoxy group. 

The term "functional group reactive with an epoxy group" 
used herein means a functional group which is reacted with 
an epoxy group to cause crosslinking, and examples of such 
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functional groups include hydroxyl, carboxyl, and sulfonic 

groups. In the present invention, the use of the epoxy- (I) 

containing compound having a functional group reactive r 1 

with an epoxy group can eliminate; the need to add an epoxy ^ u ^ 

curing agent, described below, to the reaction solution. On 5 
the other hand, the addition of an epoxy curing agent to the 
reaction solution in combination with the use of the epoxy- 

containing compound having a functional group reactive R 3 

with an epoxy group results in further improved fixation rate 10 CH2 £ 

of the print. Any one of these advantages may be selected ~ | 

depending upon situation. ^ 

The mechanism through which the addition of an epoxy- 9 

containing compound to the ink composition according to 15 ( L H2 

the present invention can offer a good print is believed as | 

follows. However, the following mechanism is hypothetical, x"9 H 

and the present invention should not be construed to be 0v xh 2 
limited by this mechanism. 

20 

In the method according to the present invention, a wherein 

reaction solution is and an ink composition are deposited ri anc j r3 each independently represent H or CH 3 ; 

onto a recording medium. As described above, upon the r 2 re p resents a group containing in its structure at least 

deposition of the ink composition onto the recording one group selected from alkyl (with C^ 23 alkyl being 

medium, interaction between a polyvalent metal ion derived 25 preferred), hydroxyl, carboxyl and sulfonic groups, 

from a polyvalent metal salt or a polyallylamine in the This resin is not limited by the form of copolymers, 

reaction solution and an inorganic oxide colloid in the ink and > for example, a block copolymer and a random 

composition results in agglomeration. When the reaction ^ copolymer are possible. 

, . . ~ p or tfle a b ove copolymers, the terminal thereof has no 

solution contains an epoxy-cunng agent, crosshnking of the „ rt . . . a r * ■ . . . . , 

. r J . . ,° 30 essential influence on the properties because the polymer has 
epoxy group in the epoxy-contaimng compound occurs a high molecular weig ht. In general, a fragment of a poly- 
resulting in reunification. On the other hand, it is considered meriz ation initiator constitutes the terminal, and examples of 
that when the compound having a functional group reactive sucn fragments include fragments of ammonium persulfate 
with an epoxy group is used as the epoxy-containing and potassium persulfate, such as — OS0 3 H. 
compound, the resimfication proceeds through the following 35 Examples of preferred R 2 include — OH, — COOH, or 
mechanism despite the absence of an epoxy-curing agent. — COO — R (wherein R represents a straight or branched 
When the distance between the epoxy-containing com- alkyl group, preferably a C us2 alkyl group with at least one 
pounds is decreased by the agglomeration due to the inter- hydrogen atom on the alkyl group being optionally substi- 
action between the polyvalent meal salt or the polyally- tuted DV a hydroxyl, phosphono, or sulfonic group), and an 
lamine in the reaction solution and the inorganic oxide 40 ^ & 0U P substituted by a sulfonic group such as for 
colloid in the ink composition, a reaction of the epoxy group example, a phenyl or tolyl group. Specific examples of the 
with the functional group reactive with the epoxy group S r ™P ' e P rese ° ted J> y R 1Dcl " d ^ ~~ ° H l COOH, 
would occur among adjacent epoxy-containing compounds. J? J?£2 2 r « 2 pnmm C ° 0CH2<: !? ^ H ^i°„ ' 
This reaction is considered to cause crosslinking among the 45 

epoxy-containing compounds, resulting in resimfication. _ cooc ^ C OOC 6 H 33 , -COO^CH^^CH, and 

ine resinincation permits a printed image to De strongly _ C 00CH 2 CH(CH,)CH 2 C(CH,),. In this context, a 

fixed to the recording medium and, in addition, results in the hydroxylj carboxyl, or sulfonic g^p which may ^ con- 

formation of a resin film on the surface of the printed image. tained k R * a functional group reactive with an epoxy 

Such a print is considered to have good scratch resistance, 50 group Therefore, when R 2 contains an alkyl group alone and 

waterfastness, and lightfastness. when contains a hydroxyl, carboxyl, or sulfonic group 

In this context, it should be noted that a reaction between but does not substantially react with an epoxy group, the 

the epoxy-containing compounds each having a functional resul emulsion does not have any functional group reactive 

group reactive with an epoxy group in the ink composition w ' h ™ e P ox y 8 rou P; ° n " er hand ' whe " £ . contains 

is apparently unfavorable. Therefore, preferably, use of such 55 *W'°xyl. carboxyl, or sulfonic group m add.tion to an 

/> • i • , alkyl group, the resin emulsion has a functional group 

epoxy-containing compounds is avoided. *• •*£ 

r J or reactive with an epoxy group. 

Epoxy-containing compounds which may be preferably Commercially available resin emulsions may be used, and 

used in the present invention include epoxy-containing resin examples thereof include Almatex Z116 (manufactured by 

emulsions and water-soluble epoxy compounds. 60 Mitsui Toatsu Chemicals, Inc.), NEW COAT S2170 and 

NEW COAT S-1080 (manufactured by Shin-Nakamura 

According to a preferred embodiment of the present Chemical Co., Ltd.), VANATEX #952 and VANATEXHG -9 

invention, epoxy-containing resin emulsions include an (manufactured by Shin-Nakamura Chemical Co., Ltd.), and 

epoxy-containing acrylic resin emulsion comprising: a con- Piestex B-3 (manufactured by Shin-Nakamura Chemical 

tinuous phase of water; and a dispersed phase comprising a 65 Co., Ltd.). 

copolymer comprised of recurring units represented by the The water-soluble epoxy compound comprises at least 

following formulae (I) and (II): two, per molecule, epoxy groups reactive with an epoxy- 
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curing agent described below, and typical examples thereof 
include water-soluble diepoxides. Water-soluble epoxy com- 
pounds which may be preferably used in the present inven- 
tion include compounds represented by the following for- 
mula. 

CH 2 — j pH CH 2 — O (CH 2 CH20)s — CH 2 — CH— ^CH 2 

V ° 
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wherein n is a natural number of 4 to 9. 

Examples of preferred water-soluble epoxy compounds 
include polyethylene glycol glycidyl ether. Commercially 
available water-soluble epoxy compounds usable herein 
include Epolight 400E (polyethylene glycol #400 glycidyl 15 
ether, manufactured by Kyoeisha Chemical Co., Ltd.), Epo- 
light 200E (polyethylene glycol #200 glycidyl ether, manu- 
factured by Kyoeisha Chemical Co., Ltd.), Epolight 80MF 
(glycerin diglycidyl ether, manufactured by Kyoeisha 
Chemical Co., Ltd.), Epiall G-100 (glycerin diglycidyl ether, 20 
manufactured by Nippon Oils & Fats Co., Ltd.), and Dena- 
col (manufactured by Nagase Chemicals Ltd.). 

Examples of epoxy-containing compounds, having a 
functional group reactive with an epoxy group, which may 
be preferably used in the present invention include those, 25 
among the above epoxy-containing resin emulsions, wherein 
at least part of R 2 contains a functional group reactive with 
an epoxy group, that is, a functional group selected from 
hydroxyl, carboxyl, and sulfonic groups. It is also possible 
to use an epoxy-containing compound wherein R 2 partly 30 
contains an atkyl group, preferably a C lm2 i alkyl, and does 
not contain any functional group reactive with an epoxy 
group. Commercially available epoxy-containing com- 
pounds of the above type include Almatex Z116 
(manufactured by Mitsui Toatsu Chemicals, Inc.). 35 

The content of the epoxy-containing compound in the ink 
composition according to the present invention is preferably 
about 1 to 10% by weight, more preferably 1 to 5% by 
weight, based on the ink composition. 

The ink composition used in the present invention may 40 
contain a resin emulsion as described below. When the 
above epoxy-containing compound is an epoxy-containing 
resin emulsion, it serves also as the resin emulsion. 
Therefore, use of an additional resin emulsion is unneces- 
sary. However, according to a preferred embodiment of the 45 
present invention, the resin emulsion is added in combina- 
tion with the epoxy-containing resin emulsion. 

In the present invention, preferably, an epoxy-curing 
agent may be incorporated into the reaction solution. This 
epoxy-curing agent refers to an agent which, together with 50 
the epoxy-containing compound contained in the ink 
composition, accelerates resinification (an increase in 
molecular weight) of the epoxy-containing compound by 
crosslinking. According to the present invention, any epoxy- 
curing agent may be utilized without any limitation so far as 55 
it can offer a printed image having good scratch resistance 
and waterfastness in the ink jet recording method described 
below. 

Epoxy-curing agents which may be preferably used in the 
present invention are typically soluble in water. Examples 60 
thereof include amine compounds, for example, 
ethylenediamine, diethylaminopropylamine, 
N-aminoethylpiperazine, trimethylhexamethylenediamine, 
modified aliphatic amines, water-soluble polyamines, water- 
soluble cold curing catalysts other than amines, for example, 65 
aromatic sulfonic acid, such as p-phenolsulfonic acid, and 
curing agents for epoxy emulsions. It is also possible to 



utilize commercially available curing agents, and examples 
thereof include Almatex H700 (manufactured by Mitsui 
Toatsu Chemicals, Inc.) and EPOKY-H (manufactured by 
Mitsui Toatsu Chemicals, Inc.). 

The concentration of the epoxy-curing agent in the reac- 
tion solution is preferably about 0.1 to 40% by weight, more 
preferably about 1 to 20% by weight. 

According to the present invention, upon printing of an 
ink composition on a recording medium with a reaction 
solution deposited thereon, an epoxy-curing agent contained 
in the reaction solution is reacted with an epoxy-containing 
compound contained in the ink composition, to permit 
crosslinking of the epoxy-containing compound to proceed. 
This reaction may be expressed, for example, by the fol- 
lowing formula: 



CH CH 2 + R NH 2 

\/ 

y (Amine) 



CH CH 2 — NH- 

OH 



This accelerates the resinification of the epoxy-containing 
compound (a further increase in molecular weight of the 
resin emulsion). The above resinification in a printed image 
formed on a recording medium permits the printed image to 
be strongly adhered to the recording medium and, in 
addition, results in the formation of a resin film on the 
surface of the printed image. Thus, the print has good scratch 
resistance, waterfastness, and lightfastness. 

Resin emulsion 

According to a preferred embodiment of the present: 
invention, the ink composition used in the present invention 
contains a resin emulsion. A preferred resin emulsion com- 
prises a continuous phase of water and a dispersed phase 
comprising a resin not containing an epoxy group. As 
described above, when the epoxy-containing compound is 
an epoxy-containing resin emulsion, the addition of the resin 
emulsion is not essential. Resins usable herein include 
acrylic resin, vinyl acetate resin, styrene-butadiene resin, 
vinyl chloride resin, (meth)acrylate-styrene resin, butadiene 
resin, and styrene resin. 

Further, commercially available resin emulsions may also 
be used, and examples thereof include Microgel E-1002 and 
E-5002 (styrene/acrylic resin emulsion, manufactured by 
Nippon Paint Co., Ltd.), Voncoat 4001 (acrylic resin 
emulsion, manufactured by Dainippon Ink and Chemicals, 
Inc.), Voncoat 5454 (styrene/acrylic resin emulsion, manu- 
factured by Dainippon Ink and Chemicals, Inc.), SAE-1014 
(styrene/acrylic resin emulsion, manufactured by Nippon 
Zeon Co., Ltd.), and Saivinol SK-200 (acrylic resin 
emulsion, manufactured by Saiden Chemical Industry Co., 
Ltd). 

According to a preferred embodiment of the present 
invention, the resin is a polymer having a combination of a 
hydrophilic segment with a hydrophobic segment. The par- 
ticle diameter of the resin component is not particularly 
limited so far as the resin component forms an emulsion. It, 
however, is preferably not more than about 150 nm, more 
preferably about 5 to 100 nm. 

The resin emulsion may be prepared by subjecting a 
raonomer(s) for forming a contemplated resin to dispersion 
polymerization in water optionally in the presence of a 
surfactant. For example, an emulsion of an acrylic resin or 
a styrene/acrylic resin may be prepared by subjecting an 
ester of (meth)acrylic acid or alternatively an ester of 
(meth)acrylic acid in combination with styrene to dispersion 
polymerization in water optionally in the presence of a 
surfactant. In general, the ratio of the resin component to the 
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surfactant is preferably about 10:1 to 5:1. When the amount 
of the surfactant used falls within the above range, it is 
possible to provide an ink which has good water resistance 
in the form of an image and good penetrability. The surfac- 
tant is not particularly limited. Preferred examples thereof 5 
include anionic surfactants (for example, sodium 
dodecylbenzenesulfonate, sodium lauratc and an ammonium 
salt of a polyoxyethylene alkyl ether sulfate); nonionic 
surfactants having 10 or more of HLB value (for example, 
a polyoxyethylene alkyl ether, a polyoxyethylene alkyl ester, 10 
a polyoxyethylene sorbitan fatty acid ester, a polyoxyethyl- 
ene alkylamine, and a polyoxyethylene alkylamide). They 
may be used alone or as a mixture of two or more. Further, 
it is also possible to use acetylene glycol (OLFINE Y and 
Surfynol 82, 104, 440, 465, and 485 (all the above products 15 
being manufactured by Air Products and Chemicals Inc.). 

The ratio of the resin as the component constituting the 
dispersed phase to water is suitably 60 to 400 parts by 
weight based on 100 parts by weight of the resin with 100 
to 200 parts by weight, based on 100 parts by weight of the 20 
resin, of water being preferred. 

The ratio of the resin as the component constituting the 
dispersed phase to water is suitably 60 to 400 parts by 
weight based on 100 parts by weight of the resin with 100 
to 200 parts by weight, based on 100 parts by weight of the 25 
resin, of water being preferred. 

In the ink used in the present invention, the amount of the 
resin emulsion incorporated therein is preferably such that 
the amount of the resin component is in the range of from 0.1 
to 40% by weight, more preferably in the range of from 1 to 30 
25% by weight. 

For both the resin emulsion containing an epoxy group 
and the resin emulsion not containing an epoxy group, it is 
considered that interaction between these resin emulsions 
and the polyvalent metal ion inhibits the penetration of the 35 
colorant component and accelerates the fixation of the 
colorant component to the recording medium. 

Reaction solution 

The reaction solution used in the present invention basi- 
cally comprises a polyvalent metal salt and/or polyally- 40 
la mine and water. When the ink composition contains an 
epoxy-containing compound, the reaction solution prefer- 
ably further comprises the above -described epoxy -curing 
agent. 

According to the present invention, the polyvalent metal 45 
salt contained in the reaction solution may comprise a 
divalent or higher polyvalent metal ion and an ion bonded to 
the polyvalent metal, preferably a nitrate ion or a carboxy- 
late ion and is soluble in water. 

Furthermore, preferably, the carboxylate ions are derived 50 
from a saturated aliphatic monocarboxylic acid having 1 to 

6 carbon atoms or a carbocyclic monocarboxylic acid having 

7 to 11 carbon atoms. Preferred examples of the saturated 
aliphatic monocarboxylic acid having 1 to 6 carbon atoms 
include formic acid, acetic acid, propionic acid, butyric acid, 55 
isobutyric acid, valeric acid, isovaleric acid, pivalic acid, 
and hexanoic acid. Among them, formic acid and acetic acid 
are particularly preferred. 

A hydrogen atom(s) on the saturated aliphatic hydrocar- 
bon residue in the monocarboxylic acid may be substituted 60 
by a hydro xyl group. Preferred examples of such carboxylic 
acids include lactic acid. 

Preferred examples of the carbocyclic monocarboxylic 
acid having 6 to 10 carbon atoms include benzoic acid and 
naphthoic acid with benzoic acid being more preferred. 65 

Specific examples of polyvalent metallic ions include 
divalent metallic ions, such as Ca 2+ , Cu 2+ , Ni 2 +, Mg 2+ , Zn 2+ , 



and Ba 2+ , trivalent metallic ions, such as Al 3+ , Fe 3+ , and 
Cr 3+ . Anions include CI", N0 3 _ , I", Br, CIO3-, and 
CH3COO-. 

In particular, a metal salt constituted by Ca 2+ or Mg 2+ 
provides favorable results in terms of pH of the reaction 
solution and the quality of prints. 

The concentration of the polyvalent metal salt in the 
reaction solution may be suitably determined so as to attain 
the effect of providing a good print quality and preventing 
clogging. It, however, is preferably about 0.1 to 40% by 
weight, more preferably about 5 to 25% by weight. 

The polyallylamines usable in the reaction solution are 
cationic polymers which are soluble in water and can be 
positively charged in water. Such polymers include, for 
example, those represented by the following formulae (2), 
(3) and (4): 



(2) 



•CH 2 — CH^- 

CH 2 
NH 2 

CH 2 — CH^n- 



(3) 



CH 2 
NH 3 + X* 



(4) 



-CH 2 — CH- 
CH 2 



r 

.CH 2 



rsnvx* 



wherein X- represents at least one member selected from 
chloride, bromide, iodide, nitrate, phosphate, sulfate, acetate 
and other ions. 

In addition, a copolymer of an allylamine with a dially- 
lam ine and a copolymer of diallylmethylammmonium chlo- 
ride with sulfur dioxide may also be used. 

The content of the polyallylamine and the poly allylamine 
derivative is preferably 0.5 to 10% by weight based on the 
reaction solution. 

According to a preferred embodiment of the present 
invention, the reaction solution may comprise a wetting 
agent comprising a high-boiling organic solvent. The high- 
boiling organic solvent serves to prevent the reaction solu- 
tion from being concentrated due to evaporation, thus pre- 
venting clogging of a recording head. Preferred examples of 
high-boiling organic solvents, some of which are those 
described above in connection with the ink composition. 

Although the amount of the high-boiling organic solvent 
added is not particularly limited, it is preferably about 0.5 to 
40% by weight, more preferably about 2 to 20% by weight. 

According to a preferred embodiment of the present 
invention, triethylene glycol mono-butyl ether and glycerine 
are preferred. The amount of triethylene glycol mono-butyl 
ether and glycerine added in combination as the high-boiling 
organic solvent is preferably in the range of from 10 to 20% 
by weight, more preferably in the range of from 1 to 15% by 
weight. 

Further, a colorant, e.g., yellow, magenta, or cyan 
colorant, may be added to the reaction solution so that the 
colored reaction solution can serve also as the ink compo- 
sition described below in the paragraph of "Ink composi- 
tion." 

Further, if necessary, pH adjustors, preservatives, anti- 
molds and the like may be added. Examples of pH adjustors 
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include KOH, NaOH, triethanolamine. The amount of tri- 
ethanolamine added is preferably in the range of 0 to 2.0 by 
weight. 

Ink jet recording apparatus 

An ink jet recording apparatus for practicing the ink jet 5 
recording method according to the present invention will 
now be described with reference to the accompanying 
drawings. 

FIG. 1 is a diagram showing an embodiment of an ink jet 
recording apparatus. In this embodiment, an ink composition 10 
and a reaction solution are accommodated in a tank and fed 
into a recording head through an ink tube. Specifically, a 
recording head 1 is communicated with an ink tank 2 
through an ink tube 3. The interior of the ink tank 2 is 
partitioned, and a chamber for an ink composition, option- 15 
ally a plurality of chambers respectively for a plurality of 
color ink compositions, and a chamber for a reaction solu- 
tion are provided. 

The recording head 1 is carried by a carriage 4 and moved 
along a guide 9 by a timing belt 6 driven by a motor 5. On 20 
the other hand, paper 7 as a recording medium is placed by 
a platen 8 at a position facing the recording head 1. In this 
embodiment, a cap 10 is provided. A suction pump 11 is 
connected to the cap 10 in order to conduct the so-called 
"cleaning operation/' The ink composition sucked by the 25 
pump 11 is resorvoired in a waste ink tank 13 through a tube 
12. 

FIG. 2 is an enlarged view showing the surface of nozzles 
for the recording head 1. In the drawing, the surface of a 
nozzle for a reaction solution is indicated by lb, and a nozzle 30 
21 for ejecting the reaction solution is provided in the 
longitudinal direction. On the other hand, the surface of 
nozzles for the ink composition is indicated by lc, and a 
yellow ink composition, a magenta ink composition, a cyan 
ink composition, and a black ink composition are ejected 35 
respectively through nozzles 22, 23, 24 and 25. 

Further, an ink jet recording method using the recording 
head shown in FIG. 2 will be described with reference to 
FIG. 3. The recording head 1 is moved in the direction 
indicated by an arrow A, during which time the reaction 40 
solution is ejected through the nozzle 21 to form a reaction 
solution-deposited region 31 in a band form on the recording 
medium 7. Subsequently, the recording medium 7 is trans- 
ferred by a predetermined extent in the direction indicated 
by an arrow B, during which time the recording head 1 is 45 
moved the direction opposite to that indicated by the arrow 
A and returned to the left end of the recording medium 7, and 
the recording head conduct printing using the ink composi- 
tion on the reaction solution-deposited region 31, thereby 
forming a print region 32. 50 

Further, as shown in FIG. 4, in the recording head 1, it is 
also possible to arrange all nozzles in the lateral direction to 
construct a nozzle assembly. In the drawing, ejection nozzles 
for a reaction solution are denoted by 41a and 416, and a 
yellow ink composition, a magenta ink composition, a cyan 55 
ink composition, and a black ink composition are ejected 
respectively through nozzles 42, 43, 44 and 45. In the 
recording head according to this embodiment, the recording 
head 1, when reciprocated on the carriage, can conduct 
printing in both directions. Therefore, in this case, printing 60 
at a higher speed is expected as compared with the case 
where the recording head shown in FIG. 2 is used. 

Further, when the reaction solution and the ink composi- 
tion are preferably adjusted so as to fall within the surface 
tension ranges described above, a high-quality print can be 65 
more stably provided regardless of the order of deposition of 
the reaction solution and the ink composition. In this case, 



even the provision of a single ejection nozzle suffices for 
satisfactory results. For example, in the drawing, the nozzle 
416 may be omitted. This can contribute to a further 
reduction in size of the head and a further increase in 
printing speed. 

In the ink jet recording apparatus, the supplement of the 
ink composition may be carried out by replacing an ink tank 
in a cartridge form. The ink tank may be integral with the 
recording head. A preferred embodiment of an ink jet 
recording apparatus using such an ink tank is shown in FIG. 
5. In the drawing, the same members as used in the apparatus 
shown in FIG. 1 have the same reference numerals. In the 
embodiment shown in FIG. 5, recording heads la and lb are 
integral respectively with ink tanks 2a and 2b. An ink 
composition and a reaction solution are ejected respectively 
through the recording heads la and 16. Basically, printing 
may be conducted in the same manner as described above in 
connection with the apparatus shown in FIG. 1. Further, in 
this embodiment, the recording head la is moved together 
with the ink tank 2a on a carriage 4, while the recording head 
la is moved together with the ink tank 26 on the carriage 4. 

EXAMPLES 

The present invention will now be described in more 
detail with reference to the following examples, though it is 
not limited to these examples only. 

Preparation of ink compositions 

The following ink compositions were prepared. 



Black ink Al 



Carbon black MA7 


5% by weight 


(manufactured by Mitsubishi Kasei Corp.) 




Styrcnc/acrylic acid copolymer 


1% by weight 


(dispcrsant) 




Snowtcx S 


10% by weight 


(colloidal silica, Si0 2 content 30%, 




manufactured by Nissan Chemical 




Industry Ltd.) 




Sucrose 


0.7% by weight 


Maltitol 


6.3% by weight 


Glycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



Carbon black and the dispersant were mixed together and 
dispersed by means of a sand mill (manufactured by 
Yasukawa Seisakusho) with glass beads (diameter: 1.7 mm, 
amount: 1.5 times, by weight, the amount of the mixture) for 
2 hr. Thereafter, the glass beads were removed, and the 
remaining additives were added, and the mixture was stirred 
at room temperature for 20 min and then filtered through a 
5-jUm membrane filter to prepare an ink for ink jet recording. 



Black ink A2 

Carbon black Raven 1080 
(manufactured by Columbian Carbon) 
Styrene/acryltc acid copolymer 
(dispersant) 
Snowtcx C 

(coloidal silica, (Si0 2 content 20%), 
manufactured by Nissan Chemical 
Industry Ltd.) 
Sucrose 



5% by weight 
1% by weight 
0.5% by weight 

0.7% by weight 



15 
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-continued 



-continued 



Maltilol 
Glycerin 
2-Pyrrolidonc 
Ethanol 
Pure Water 



Black ink A3 



Carbon black Raven 1080 
Styrene/acrylic acid copolymer 
(dispersant) 
Snowtex S 
Voncoat 4001 

(acrylic resin emulsion, resin 

content 50%, MFT 5° C, manufactured 

by Dainippon Ink and Chemicals, Inc.) 

Sucrose 

Maltilol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 

Black ink A4 



CI. Food Black 
Snowtex C 
2-Pyrrolidone 
Pure water 



Black ink AS 



CI. Food Black 
Alumina so 1-200 

(A1 2 0 3 content 10%, manufactured 
by Nissan Chemical Industry Ltd.) 
2-Pyrrolidone 
Pure water 

Black ink A6 



CI. Food Black 
2-Pyrrolidone 
Pure water 



Black ink A7 



Carbon black Raven 1080 

Styrene/acrylic acid copolymer 

(dispersant) 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 



6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



5% by weight 
1% by weight 

5% by weight 
5% by weight 



0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



2% by weight 
10% by weight 
5% by weight 
Balance 



2% by weight 
5% by weight 



5% by weight 
Balance 



2% by weight 
5% by weight 
Balance 



5% by weight 
1% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



Color ink set A2 



Pigm 



ent 



10 



15 



20 



25 



30 



35 



40 



The following colorants were added to the following 
liquid media to prepare cyan, magenta, and yellow ink 
compositions as a color ink set. 



45 



50 



Color ink set Al 



Dye 



55 



Cyan ink 

C.I. Direct Blue 86 

Magenta ink 

C.I Direct Red 9 

Yellow ink 

C.I. Acid Yellow 23 

Liquid medium 

Snowtex C 
Dicthylene glycol 
Surfynol 82 
Surfynol TG 
Pure water 



3% 


by 


weight 


3% 


by 


weight 


3% 


by 


weight 



60 



5% by weight 
10% by weight 

3% by weight 
0.5% by weight 
Balance 



Cyan ink 


2% by weight 


Pigment KETBLUEEX-1 




(manufactured by Dainippon Ink 




and Chemicals, Inc.) 




Magenta ink 


2% by weight 


Pigment KETRED 309 




(manufactured by Dainippon Ink 




and Chemicals, Inc.) 




Yellow ink 


2% by weight 


Pigment KETYELLQW 403 




(manufactured by Dainippon Ink 




and Chemicals, Inc.) 




Liquid medium 




Styrene/acrylic acid copolymer 


0.4% by weight 


(dispersant) 




Colloidal silica S 


3% by weight 


Sucrose 


0.7% by weight 


Maltitol 


6.3% by weight 


Glycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 


The following ingredients were mixed together to prepare 


reaction solutions. 




Reaction solution Al 


Magnesium acetate hexahydratc 


25% by weight 


(magnesium acetate 14.8% by weight) 




Diethylene glycol 


10% by weight 


Pure water 


Balance 


Reaction solution A2 


Calcium chloride 


10% by weight 


Diethylene glycol 


10% by weight 


Pure water 


Balance 


Reaction solution A3 




The following dyes were added to the following liquid 


medium to prepare reaction solutions serving also as cyan, 


magenta, and yellow color ink compositions. 


Dye 




Cyan ink 


3% by weight 


C.I. Direct Blue 86 




Magenta ink 


3% by weight 


C.I. Direct Red 9 




Yellow ink 


3% by weight 


C.l. Acid Yellow 23 




Liquid medium 




Calcium chloride 


10% by weight 


Glycerin 


10% by weight 


Pure water 


Balance 



65 



The above ink compositions and reaction solutions were 
combined as specified in Table 1, and the combinations were 
evaluated by tests described below. 
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TABLE 1 





Black ink 


Color ink 
set 


Reaction 
solution 


Example 




• 




A-l 


Al 





Al 


A-2 


A2 




A2 


A-3 


A3 




A2 


A-4 


A4 




A2 


A-5 


A5 




Al 


A-6 


Al 


Al 


A2 


A-7 


Al 


A2 


A2 


A-8 


Al 




A3 


A-9 


Al 






Comparative 








Example 








Al 


A5 






A2 


A6 




A2 


A3 


A6 







Evaluation Al: Print quality (feathering) 

An ink jet printer MJ-700V2C (manufactured by Seiko 
Epson Corporation) was used to perform printing on the 
following various papers. In the printing, the reaction solu- 
tion was first printed (100% duty), and the black ink was 
then used to print a letter. After drying, the prints were 
inspected for feathering in the letter. 

(1) Xerox P Paper (Xerox Corp.) 

(2) Ricopy 6200 Paper (Ricoh Co. Ltd.) 

(3) Xerox 4024 Paper (Xerox Corp.) 

(4) Neenah Bond Paper (Kimberly-Clark) 

(5) Xerox R Paper (recycled paper, Xerox Corp.) 

(6) Yamayuri (recycled paper, Honshu Paper Co., Ltd.) 
The results were as tabulated in Table 2. Regarding the 

results given in the table, the evaluation criteria are as 
follows. 

o: Sharp print without any feathering 
A: Feathering observed 

X: Remarkable feathering observed rendering the outline 
of the letter blurry 

Evaluation A2: Unevenness of printing 

An ink jet printer MJ-700V2C was used to perform 
printing (100% duty) on the following various papers. The 
printing method was the same as described above in con- 
nection with the evaluation of the print quality (feathering). 

(1) Ricopy 6200 Paper (Ricoh Co. Ltd.) 

(2) Canon dry Paper (Canon Inc.) 

For the resultant print images, the reflection OD was 
measured with Macbeth PCMII (manufactured by Macbeth). 
This measurement was performed for randomly selected five 
points in the print area, and the average of the measured 
values was determined. This procedure was repeated five 
times, and the maximum value and the minimum value in 
the five average values were determined. When the differ- 
ence between the maximum value and the minimum value is 
less than 0.5, there is no problem for practical use with the 
difference being preferably less than 0.4. The results were as 
tabulated in Table 2. In the results given in the; table, the 
evaluation criteria were as follows. 

o: OD difference of less than 0.3 

A: OD difference of 0.3 to less than 0.4 

X: OD difference of not less than 0.4 

Evaluation A3: Rubbing property 

An ink jet printer MJ-700V2C was used to perform 
printing on Xerox P paper (manufactured by Xerox Corp.),, 
and the resultant prints were air-dried for 24 hr. The prints 
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were rubbed with a finger under an environment of 25° C. 
and 50% RH and then observed by visible inspection for the 
presence of a stain on the print. The results were as tabulated 
in Table 2. In the table, the evaluation criteria were as 
5 follows. 

o: No stain observed in the print 

A: Slight stain observed in the print with the letter being 
still legible 

io X: Stain observed in the print rendering the letter illegible 
Evaluation A4: Color bleeding 

An ink jet printer MJ-700V2C was used in this evaluation 
test. The reaction solution was deposited (100% duty) on the 
following recording media, and color inks (cyan, magenta, 

15 and yellow) (100% duty) and the black ink (a letter) were 
simultaneously printed to examine the prints for the pres- 
ence of uneven color-to-color mixing in the letter bound- 
aries. In this case, in Example 8, the reaction solution (100% 

2Q duty) and the black ink (a letter) were simultaneously 
printed. 

(1) Xerox P Paper (Xerox Corp.) 

(2) Ricopy 6200 Paper (Ricoh Co. Ltd.) 

(3) Xerox 4024 Paper (Xerox Corp.) 
25 00 Neenah Bond Paper (Kimberly-Clark) 

(5) Xerox R Paper (recycled paper, Xerox Corp.) 

(6) Yamayuri (recycled paper, Honshu Paper Co.) 
The results were as tabulated in Table 2. In the table, the 

evaluation criteria were as follows. 

30 o: No color- to-color mixing observed with clear letter 
boundaries 

A: Feather-like color-to-color mixing observed 

X: Significant color-to-color mixing observed rendering 
35 the outline of the letter blurry. 

Evaluation A5: Fixability onto specialty media 
An ink jet printer MJ-700V2C was used to print an ink on 
a specialty gloss paper for MJ-700V2C (manufactured by 
Seiko Epson Corporation), and the resultant prints were 
40 air-dried for 24 hr. The prints were rubbed with a finger 
under an environment of 25° C. and 50% RH and then 
visually inspected for the presence of a stain on the print and 
the separation of the colorant. The results were as tabulated 
in Table 2. In the table, the evaluation criteria were as 
45 follows. 

o: Neither stain nor separated colorant observed in the 
print 

A: Slight stain observed in the print with separated 
50 colorant not observed in the print 

X: Both stain and separated colorant observed in the print 

TABLE 2 

55 Evaluation 

Al A2 A3 A4 A5 



Example 



60 



65 



Al 


o 


0 


o 






A2 


A 


0 


o 






A3 


o 


o 


o 






A4 


A 


o 


o 






A5 


A 


o 


o 






A6 


o 


o 


o 


A 


A 


A7 


o 


o 


o 


o 


o 


A8 


o 


o 


o 


A 


A 


A9 
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TABLE 2-continued 



-continued 



Evaluation 



Al 



A2 



A3 



A4 



A5 



Comparative 
Example 

Al 

A2 
A3 



X 



A 
X 



A 
X 



— 10 



The following ink compositions were prepared. 



Black ink Bl 

Carbon black MA7 
(manufactured by Mitsubishi 
Kasei Corp.) 

Styrene/acrylic acid copolymer 

(dispersant) 

Almatex Z116 

(epoxy- containing acrylic resin 
emulsion, resin content 50%, 
manufactured by Mitsui Toatsu 
Chemicals, Inc.) 
Snowtex S 

(colloidal silica, Si0 2 content 30%, 

manufactured by Nissan Chemical 

Industry Ltd.) 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Triethanolamine 

(pH adjustor) 

KOH (pH adjustor) 

Pure water 

Black ink B2 



Carbon black Raven 1080 
(manufactured by Columbian 
Carbon Co., Ltd.) 
Styrene/acrylic acid copolymer 
(dispersant) 
Almatex Z116 

(epoxy- containing acrylic resin 
emulsion, resin content 50%, 
manufactured by Mitsui Toatsu 
Chemicals, Inc.) 
Epolight 400E 

(water-soluble epoxy compound, 
polyethylene glycol #400 
glycidyl ether, manufactured 
by Kyoeisha Chemical Co., Ltd.) 
Snowtex C 

(colloidal silica, SiO z content 20%, 

manufactured by Nissan Chemical 

Industry Ltd.) 

Sucrose 

Maltitol 

Glycerin 

2- Pyrrol idone 

Ethanot 

Pure water 

Black ink B3 



Carbon black Raven 1080 
Styrene/acrylic acid copolymer 
(dispersant) 
Microgel E-5002 
(styrene/acrylic resin emulsion, 
resin content 29.2%, 
MFT about 80° C, manufactured 
by Nippon Paint Co., Ltd.) 



5% by weight 

1% by weight 
3% by weight 



2% by weight 



0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
1.0% by weight 

0.1% by weight 
Balance 



5% by weight 

1% by weight 
3% by weight 



2% by weight 



1% by weight 



0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



5% by weight 
1% by weight 

3.5% by weight 



15 



20 



25 



30 
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Almatex Z116 

(epoxy-containing acrylic resin 

emulsion, Tesin content 50%, 

manufactured by Mitsui Toatsu 

Chemicals, Inc.) 

Snowtex S 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Triethanolamine 

(pH adjustor) 

KOH (pH adjustor) 

Pure water 

Black ink B4 

Carbon black Raven 1080 
(manufactured by Columbian 
Carbon Co., Ltd.) 
Styrene/acrylic acid copolymer 
(dispersant) 
Microgel E-5002 
(styrene/acrylic resin emulsion, 
resin content 29.2%, 
MFT about 80° C, manufactured 
by Nippon Paint Co., Ltd.) 
Epolight 400E 

(water-soluble epoxy compound, 
polyethylene glycol #400 
glycidyl ether, manufactured 
by Kyoeisha Chemical Co., Ltd.) 
Snowtex C 

(colloidal silica, SiO z content 20%, 

manufactured by Nissan Chemical 

Industry Ltd.) 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 

Black ink B5 



Carbon black Raven 1080 

(manufactured by Columbian 

Carbon Co., Ltd.) 

Styrene/acrylic acid copolymer 

(dispersant) 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 

Black ink B6 



Carbon black Raven 1080 

(manufactured by Columbian 

Carbon Co., Ltd.) 

Styrene/acrylic acid copolymer 

(dispersant) 

Microgel E-5002 

(styrene/acrylic resin emulsion, 

resin content 29.2%, 

MFT about 80° C, manufactured 

by Nippon Paint Co., Ltd.) 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 



5% by weight 



1% by 
0.7% by 
6.3% by 
10% by 

2% by 
1.0% by 



weight 
weight 
weight 
weight 
weight 
weight 



0.1% by weight 
Balance 



5% by weight 

1% by weight 
3.5% by weight 



2% by weight 



1% by weight 



0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



5% by weight 



1% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



5% by weight 

1% by weight 
3.5% by weight 



0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



65 



The above black inks were prepared as follows. Carbon 
black and the dispersant were mixed together and dispersed 
by means of a sand mill (manufactured by Yasukawa 
Seisakusho) with glass beads (diameter: 1.7 mm, amount: 
1.5 times, by weight, the amount of the mixture) for' 2 hr.. 
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Thereafter, the glass beads were removed, and the remaining 
additives were added, and the mixture was stirred at room 
temperature for 20 min and then filtered through a 5-/im 
membrane filter to prepare an ink for ink jet recording. 

Color ink set Bl 



Color ink set Bl 

Cyan ink 

Pigment KETBLUEEX-1 
(manufactured by Dainippon Ink 
and Chemicals, Inc.) 
Styrene/acrylic acid copolymer 
(disper&ant) 
Almatex Z116 

(c poxy-containing acrylic resin 
emulsion, resin content 50%, 
manufactured by Mitsui Toatsu 
Chemicals, Inc.) 
Snowtex S 

(colloidal silica, Si0 2 content 30%, 

manufactured by Nissan Chemical 

Industry Ltd.) 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 

Magenta ink 

Pigment KETRED309 
(manufactured by Dainippon Ink 
and Chemicals, Inc.) 
Styrene/acrylic acid copolymer 
(dispersant) 
Almatex Z116 

(epoxy-containing acrylic resin 
emulsion, resin content 50%, 
manufactured by Mitsui Toatsu 
Chemicals, Inc.) 
Snowtex S 

(colloidal silica, Si0 2 content 30%, 

manufactured by Nissan Chemical 

Industry Ltd.) 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 

Yellow ink 

Pigment KETYELLO W40 3 
(manufactured by Dainippon Ink 
and Chemicals, Inc.) 
Almatex Z116 

(epoxy-containing acrylic resin 
emulsion, (resin content 50%), 
manufactured by Mitsui Toatsu 
Chemicals, Inc.) 
Snowtex S 

(colloidal silica, (Si0 2 content 30%), 

manufactured by Nissan Chemical 

Industry Ltd.) 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 

Color ink set B2 

Cyan ink 

Pigment KETBLUEEX-1 
(manufactured by Dainippon Ink 



2% by weight 

1% by weight 
3% by weight 



2% by weight 



0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



2% by weight 

1% by weight 
3% by weight 



2% by weight 



0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



2% by weight 
3% by weight 



2% by weight 



0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 
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-continued 



and Chemicals, Inc.) 

Styrene/acrylic acid copolymer 

(dispersant) 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 

Magenta ink 

Pigment KETRED309 

(manufactured by Dainippon Ink 

and Chemicals, Inc.) 

Styrene/acrylic acid copolymer 

(dispersant) 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 

Yellow ink 

Pigment KETYELLOW403 

(manufactured by Dainippon Ink 

and Chemicals, Inc.) 

Sucrose 

Maltitol 

Glycerin 

2-Pyrrolidone 

Ethanol 

Pure water 



1% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



2% by weight 



1% by weight 

0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



2% by weight 



0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 



The above color ink compositions were prepared as 
follows. The pigment and the dispersant were mixed 
together and dispersed by means of a sand mill 

35 (manufactured by Yasukawa Seisakusho) with glass beads 
(diameter: 1.7 mm, amount: 1.5 times, by weight, the 
amount of the mixture) for 2 nr. Thereafter, the glass beads 
were removed, and the remaining additives were added, and 
the mixture was stirred at room temperature for 20 min and 

40 then filtered through a 5-jum membrane filter to prepare an 
ink composition. 



Reaction solution Bl 




Magnesium nitrate hexahydrate 


25% by weight 


Triethylene glycol monobutyl ether 


10% by weight 


Glycerin 


20% by weight 


Pure water 


Balance 


Reaction solution B2 




Magnesium nitrate hexahydratc 


25% by weight 


Water-soluble polyamine 


3% by weight 


(Almatex H700, manufactured by 




Mitsui Toatsu Chemicals, Inc.) 




Triethylene glycol monobutyl ether 


10% by weight 


Glycerin 


20% by weight 


Pure water 


Balance 



The above reaction solutions were prepared by mixing the 
ingredients together, stirring the mixture at room tempera- 
ture for one hr, and subjecting the stirred mixture to suction 
filtration through a 5 /mi-membrane filter at room tempera- 
ture. 

Print evaluation test 

Predetermined printing was carried out using combina- 
tions of the above ink compositions with the above reaction 
solutions. The printed images thus obtained were evaluated 
as follows. 
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TABLE 3 





Reaction 


Black 




Evaluation 






solution 


ink 


Bl 


B2 


B3 


Example 












Bl 


Bl 


Bl 


o 


© 


1.65 


B2 


Bl 


B2 


o 


© 


1.62 


B3 


Bl 


B3 


o 


© 


1.60 


B4 


Bl 


B4 


o 


© 


1.59 


B5 


B2 


Bl 


© 


© 


1.68 


B6 


B2 


B2 


© 


© 


1.65 


B7 


B2 


B3 


© 


© 


1.63 


B8 


B2 


B4 


© 


© 


1.62 


Compartive 












Example 












Bl 


Bl 


B5 


X 


X 


1.32 


B2 


Bl 


B6 


A 


O 


1.42 



10 



15 



20 



Printing method 

An ink jet printer MJ-700V2C (manufactured by Seiko 
Epson Corporation) was used to perform printing on the 
following various papers. In the printing, the reaction solu- 
tion was first printed (100% duty), and the black ink was 
used to print a letter. In this case, for both the reaction 
solution and the ink, the amount of the ink ejected was 0.07 
jug/doi with the density being 360 dpi. Papers for printing 
test: 

(1) Xerox P Paper (Xerox Corp.) 

(2) Ricopy 6200 Paper (Ricoh Co. Ltd.) 

(3) Xerox 4024 Paper (Xerox Corp.) 

(4) Neenah Bond Paper (Kimberly-Clark) 

(5) Xerox R Paper (recycled paper, Xerox Corp.) 

(6) Yamayuri (recycled paper, Honshu Paper Co., Ltd.) 
Evaluation Bl: Rubbing resistance test (line marking 

resistance) 

The resultant prints were air-dried and then rubbed with 
a water-base yellow fluorescent marker pen (ZEBRA PEN 2, 
manufactured by ZEBRA) at a marking force of 4.9xl0 5 
N/m 2 , and the degree of stain in the yellow area was visually 
inspected. The results were evaluated based on the following 
criteria. 

©: No stain created by marking twice immediately after 2 s 
printing 

o: No stain created by marking twice 24 hr after printing 

A: No stain created by marking once with some paper 
being stained by marking twice or 24 hr after printing 

X: Some paper stained by marking once 24 hr after 
printing 

Evaluation B2: Print quality (feathering) 
Letters after drying the resultant prints were inspected for 
feathering, and the results were evaluated as follows. 

©: Sharp without any feathering for all the papers 

o: Feathering observed for some papers (recycled paper) 

A: Feathering observed for all the papers 

X: Remarkable feathering observed rendering the outline 

of the letter blurry 
Evaluation B3: OD value 

The reflection optical density (OD) of prints provided by 
the above method was measured with Macbeth PCMII 
(manufactured by Macbeth). 

The reaction solutions and the ink compositions used in 45 
the evaluations Bl to B3, and the results of evaluation were 
as tabulated in Table 3. 
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Evaluation B4: Color bleed 

An ink jet printer MJ-700V2C was used in this evaluation 
test. The reaction solution was deposited (100% duty) on the 
above various papers as a recording paper, and color inks 
(cyan, magenta, and yellow) (100% duty) were simulta- 
neously printed. The prints were visually inspected for the 
presence of uneven color-to-color mixing in the boundaries 
between the colors. The results were evaluated based on the 
following criteria: 

o: No color- to-color mixing observed. 
A: Feather-like color-to-color mixing observed. 
X: Significant color-to-color mixing observed. 
The results were as tabulated in Table 4. 



TABLE 4 




Reaction 
solution 


Color ink 
set 


Evalua- 
tion B4 


Example 








B9 
BIO 
Comparative 
Example 


Bl 
B2 


Bl 
Bl 


OO 


B3 


Bl 


B2 


X 



Evaluation B5: Fixation of ink on specialty medium (part 

i) 

An ink jet printer MJ-700V2C (manufactured by Seiko 
Epson Corporation) was used to perform printing on a 
specialty gloss film for the ink jet printer MJ-700V2C 
(manufactured by Seiko Epson Corporation), and the result- 
ant prints were air-dried for 24 hr. The prints were examined 
in the same manner as described in Evaluation Bl. The 
results were evaluated based on the following criteria: 
o: No stain created in the print by rubbing once 
A: Slight stain created in the print by rubbing once 
X: Stain created in the print by rubbing once 
Evaluation B6: Fixation of ink on specialty medium (part 

2) 

A pressure -sensitive adhesive tape (cellophane tape: 
Sekisui Tape, manufactured by Sekisui Chemical Co., Ltd.) 
was applied to the printed area in the prints, rubbed twice or 
thrice with a finger, and then peeled off. Thereafter, the 
printed area from which the pressure -sensitive adhesive tape 
has been peeled off was visually inspected, and the results 
were evaluated based on the following criteria: 

o: Ink (colorant) not separated from the surface of the 

specialty gloss film 
A: Ink present in both the surface of the specialty gloss 
film and the surface of a pressure-sensitive adhesive in 
the pressure-sensitive adhesive tape 
X: Ink (colorant) completely separated from the surface of 

the specialty gloss film 
The results were as tabulated in Table 5. 

TABLE 5 



65 



Example 

Bll 
B12 
B13 
B14 



Black ink 



Bl 
B2 
B3 
B4 



Evalua- 
tion B5 



O 
O 
O 
O 



Evalua- 
tion B6 



O 
O 
O 
O 



